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PUBLISHERS' NOTICE TO SIXTH EDITION. 



In issuing a new edition of Purdy^s ^^ Uranalysis ^' the publish- 
ers desire to state that arrangements have been made whereby 
this standard treatise will be maintained in its position as an 
authority on the subjects treated. 

The demand for a sixth edition of the work so soon after 
the issue of the fifth edition and the very recent death of the 
author have seemed, however, to make it advisable that the 
revision should not, at this time, touch the general scope or 
plan of the book, but that such changes only should be made as 
were necessary to set forth clearly the meaning of the author. 
To this end a few evident omissions have been supplied, several 
obscure sentences rewritten, and a number of typographical 
errors and mistakes in chemical statements corrected. For 
these changes we are indebted to Dr. Walter S. Haines and Dr. 
William H. German, of Chicago. 

Philadelphia, September 1, 1901. 
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PREFACE TO FIFTH EDITION. 



The present edition of this work consists of a careful and 
thorough revision of the last one, with the addition of much 
original and new matter, including a new chapter on the micro- 
scope and its use in uranalysis. The author has much pleasure 
in now fulfilling a promise made in the first edition, viz.: to 
extend the range of centrifugal analysis so that it should include 
more complete as well as more practical data for urinary work. 
Although requiring over five years' labor for its perfection, 
centrifugal analysis has now been elevated to a scientific process, 
justly entitled to rank among the so-called exact methods of anal- 
ysis. By means of the improved methods and new tables here- 
with introduced, the quantities of albumin and chlorine, of phos- 
phoric and sulphuric acids in the urine may be simply and rapidly 
determined, both relatively and absolutely, with a degree of 
accuracy equal to that of any other method. 

The physician is often led to purchase a microscope for the 
chief or sole purpose of urinary examinations. In so doing the 
next step is to learn how to make satisfactory examinations of 
urine therewith. In purchasing a work purporting to explain 
the use of the instrument, as a rule little or nothing will be 
found therein relative to microscopical examinations of the urine. 
In turning to systematic treatises on the urine, as a rule, an 
equal lack of information on the subject is met with. The above 
mentioned are some of the considerations for introducing in the 
present edition a separate section intended to furnish a general 
idea of the microscope itself and its special use in urinary work. 
While this section is by no means claimed to be exhaustive, the 
author hopes that the'beginner will find therein some useful and 
practical suggestions to aid him in Lis work. 

The chemical depart»r.cnt of the work has been carefully 
revised, a few quantitative methods have been added where 
previously omitted, and nearly the whole subject of testing for 

(V) 



Tl PBSFACI TO FIFTH EDITION. 

albumin in the urine, both qualitative and quantitative, has been 
rewritten. In short, an effort has been made to improve the 
work more especially in its practical bearings on clinical med- 
icine, as well as to bring it thoroughly up to date. The labor 
has been no inconsiderable task, comprising over a hundred and 
twenty pages of manuscript, but this task has been greatlj^ 
lightened by the pleasant recollection of the very generous recep- 
tion extended to former editions of the work by the profession 
in general. 

The author makes acknowledgment with pleasure of the 
valuable aid of his assistant, Mr. Carl Irenseus, who has devoted 
much time and pains in carefully working out the many details 
of the tables on centrifugal analysis. 

67 ElAST Twentieth Street, 
June, 1000. 



PREFACE. 



OuB present knowledge of the urine and of diseases of the 
urinary organs may be said to be altogether abreast with other 
departments of scientific and practical medicine. At present, 
however, this knowledge is only accessible to the student 
through somewhat extended search through general works on 
Medicine, Surgery, Pathology, Physiological Chemistry, Mi- 
croscopy, etc., in addition to the various works devoted to this 
special subject European writers, — especially those in our lan- 
guage, — following the sharp division between medical and sur- 
gical diseases, have invariably considered the present subject, 
both in general and special works, either from an exclusively 
medical or surgical point of view, and American writers thus far, 
without exception, have followed this example. But in America 
the whole profession is taught and qualified to practice both medi- 
cine and surgery, and, therefore, the above-mentioned custom 
compels the student, in order to gain a complete knowledge of 
this subject, to study several authorities, entailing increased 
expense and time, if not, indeed, confusion. Believing, therefore, 
that American authors should, so far as is possible, deal with 
the whole subject comprised in the titles of special works, it has 
been the aim of the author in the present work to furnish the 
student, physician, and surgeon, in one moderate-sized volume, 
the essential features of our knowledge of the urine and urinary 
diagnosis, thoroughly up to date, and in the most systematic, 
practical, and concise form. In carrying out this object an 
effort has first been made to bring out prominently the relations 
of the chemistry of the urine to physiological processes and 
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pftthological facts. Thus, in dealing with normal nrine, each 
constituent has been considered, so far as at present is known, 
in the following order: Its chemical nature and composition; 
its source in the economy; the significance of its increase 
or decrease in the nrine, with the relations of these to meta- 
bolic processes, food-supply, physical surroundings, and tend- 
ency toward disease ; and, finally, the most approved methods 
of its detection and determination have been described. In 
dealing with abnormal urine each morbid constituent has been 
considered, so far as at present is known, in the following 
order: Its chemical nature and composition; its source in 
the economy ; the clinical significance of its appearance in the 
urine ; and, lastly, the most approved methods of its detection 
and determination have been described. This method aims 
at teaching not only how to detect, isolate, and determine the 
constituents of the urine, normal and abnormal, but also to de- 
termine the presence of disturbed physiological processes, to 
detect the presence of pathological changes, and to measure the 
degree of both. 

The second division of the work — Urinary Diagnosis — aims 
at a concise description of the special features of the nrine that 
indicate the presence of special pathological processes in prog- 
ress in the economy, whether they be local or general, medical 
or surgical, together with a brief enumeration of the leading 
clinical symptoms of each disease, and, in most cases, an 
epitome of their nature and etiology. 

Having compassed the whole text, it is designed that the in- 
vestigator will next be in a position to utilize the information 
thereby furnished to the best practical diagnostic purposes, and 
. give him the mastery over the diseases considered^— /or, as a 
rule^ he who has accurately diagnosticated disease^ has already 
constitiUed himself its conqueror. 



PRIFAd. iX 

The author has freely quoted the views of standard authori- 
ties, endeavoriDg in all cases to make due acknowledgment of 
the same throughout the text Should, however, any of the 
latter have been overlooked, he desires here to express his obli- 
gations for all knowledge derived from fellow-laborers in the 
same field of work. 

Some repetitions of matter will be noted, both in the text 
and foot-notes, the object being to save references to other parts 
of the work and render it more convenient as an open hand-book 
for the laboratory table. 

Over twenty-five years' experience, coupled with a somewhat 
liberal examination of the literature of this subject, as well as 
considerable practical observation and experiment, have enabled 
the author to contribute some original matter and methods, 
which, he trusts, will prove to be an advance in certain practical 
departments of the subject. 

Finally, an appendix has been added upon the subject of 
urinary examinations for life-insurance. Believing, from some 
experience as a medical director, that on the one hand life-insur- 
ance associations are often unjustly called upon to pay insurance 
on uninsurable lives, and on the other hand that applicants are 
often deprived of the privileges of life-insurance to which they 
are justly entitled, especial pains have been taken with this de- 
partment of the work, with the earnest hope of contributing, in 
some degree, to the amelioration of these two forms of injustice. 

07 East Twbmtueth STBnrr, 
Gbxgaoo, September, 18M. 
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SECTION I. 

GENERAL CONSIDERATIONS. 

The recent advances in our knowledge of physiological chem- 
istry, with the more extended and refined use of the microscope, 
have lent great precision to the study of the composition of the 
urine, and thereby furnished us with a keener insight into the 
relationship of the urine to the organism, both in health and in 
disease. The variations in nutrition and waste are accurate!}' 
recorded in the urine hour by hour, and by an intelligent inter- 
pretation of modem methods of uranalysis these physiological 
tides may now be read as accurately as we can number the pulsa- 
tions of the heart. By the same methods we are now enabled to 
measure the hourly inroads upon the organism made by disease 
with a precision often greater than is afiforded by the pulse or 
the clinical thermometer. Wherever in the economy pathogenic 
processes seriously disturb nutrition or normal metabolism, the 
results are recorded in the urine, because the urine, more emi- 
nently than any other excretion, represents the equation of these 
changes. 

The accurate study of the urine, therefore, has become one 
of the essential features in advanced clinical medicine. Indeed, 
through uranalysis alone can an almost daily increasing number 
of diseases be determined, their intensity be gauged, and their 
progress toward recovery, or their tendency toward a fatal ter- 
mination, be predicted. While it is impossible to diagnosticate 
all diseases from the urine, it is, nevertheless, true that no seri- 
ous disease can be in progress in the economy without giving 
rise to more or less marked changes in the character of the urine, 
and therefore we can no longer afiford to exclude urinary analysis 
from the scientific investigation of any serious form of disease. 

In order to fully comprehend the relations of the urine to 
the organism under the infiuence of the various pathological 
conditions, it is first necessary to become acquainted with the 

0) 
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physiology of secretion and excretion of the urine, as well as 
the normal composition of the latter, together with those fluct- 
uations which are included within the range of health. 

While a number of points in the physiology of the secretion 
and excretion of the urine still remain undetermined, it may be 
stated that our present knowledge of the subject indicates that 
the process is partly a physical and partly a vital one. The 
older theory of Bowman, based on the anatomical construction 
of the kidneys, taught that the epithelial cells of the urinary 
tubules constitute the true secretory structure of the kidneys, 
while the glomeruli act as mere fllters for the escape of the 
watery elements from the blood. According to Bowman, there- 
fore, the filtrate from the glomeruli consists almost solely of 
water, which aids in extracting the other constituents of the 
urine from the epithelium of the tubules in its passage along 
the latter. 

Ludwig, on the other hand, explains the process on purely 
physical grounds, basing his theory on the varying degrees of 
blood-pressure in the glomerular circulation and the interchange 
of constituents by diffusion or osmosis in the urinary tubules. 
Assuming that the relative blood-pressure in the kidney is great- 
est in the glomerular tufts iu consequence of the resistance to 
the efferent circulation, Ludwig holds that, consequently, a free 
exudation of water takes place from the tufts, with, perhaps, 
some dissolved salts. This renders the blood much concentrated 
— thickened — when it reaches the capillary plexus surrounding 
the convoluted tubes, while within the latter is now the thin, 
aqueous filtrate from the tufts. It will be noted that such con- 
ditions form ail the essential elements for active osmosis, — within 
the tubules thin, watery fluid, and in the surrounding capillaries 
thickened blood, while between them is interposed a thin mem- 
brane, — the tubular wall. An interchange of elements conse- 
quently occurs, by means of which water from the urinary tubules 
passes into the blood ; while, on the other hand, the products of 
retrograde tissue changes — urea and salts — pass fh>m the blood 
into the tubules, mingling there with the thin fluid and consti- 
tuting the urine. 

Unfortunately for the theory of Ludwig, he leaves out of 
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consideration any function on the part of the renal epithelium, 
which violates analogical reasoning, because the renal epithelium 
possesses the anatomical peculiarities of glandular epithelium, 
the function of which is secretory or selective wherever else met 
with throughout the economy. Moreover, both clinical and 
pathological experiences teach that the renal epithelium pos- 
sesses a distinct and important function in the elaborating proc- 
esses of the kidney ; for, in diseases which destroy or remove 
tliis epithelium from the urinary tubules, urea and allied prod- 
ucts are retained in the system, and the phenomena of uraemia 
are evoked. Finally, the interesting experiments of Heidenhain 
have conclusively proved that the renal epithelium possesses a 
distinct selective power, as follows : If a slightly-concentrated 
solution of indigo-sulphate of sodium be injected into the blood 
of an animal, a blue color will soon after be communicated to the 
urine and the epithelium of the convoluted tubules and ascending 
limbs of Henle's tubes, while the Malpighian structures do not 
present the slightest trace of blue. If the spinal cord of an 
animal be first divided and the indigo injection be subsequently 
made, the following phenomena may be observed: No urine 
whatever reaches the bladder, but the blue color passes into the 
kidney and may be seen in the convoluted tubes and ascending 
limbs of Henle's tubes as before. Ten minutes after the injec- 
tion the coloring matter is found solely in the epithelial cells in 
the locations above noted. An hour after the injection the epi- 
thelial cells are found colorless, the blue matter having passed 
into the lumens of the tubes, where, in the absence of water from 
the glomeruli, it concentrates into crystals. This establishes a 
distinct eliminative power on the part of the renal epithelium 
altogether independent of the glomeruli, because the latter were 
paralyzed by section of the spinal cord. 

It seems altogether likely, therefore, that the chief specific 
principles of the urine are eliminated by the renal epithelium, 
precisely as are the coloring matters in Heidenhain ^s experi- 
ments. This seems the more probable now, since it has been 
establisheil that the chief urinary constituents — urea, uric acid, 
etc. — exist preformed in the blood. Our present knowledge 
on this subject warrants the conclusion that the production of 
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the urine is chiefly an elaborating or secreting process, regulated 
in its fluidity by the glomerular system. In other words, thnt 
the water and some of the salts are secreted by the glomeruli, 
the peculiar anatomical construction of which permits a varying 
degree of activity corresponding chiefly with the varying degrees 
of blood-pressure and blood-fluidity ; while, in the main, the solid 
excretory products of the urine are eliminated by the epithelium 
of the renal tubules, through their vital, selective, or secretory 
power, as in all other glandular structures of similar anatomical 
construction. 

Composition of the Urine. — The constituents of normal urine 
are derived from the elements of retrograde tissue metamorphosis 
in the healthy state of the organism, together with certain waste 

Amounts of Urinary Constituents Passed in Twenty-Four Hours. 
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PhoRphoric acid 

Chlorine 
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1500.00 grammes. 

72.00 '» 
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23.000 grammes. 

1.100 " 

0.500 " 

0.008 «« 

0.006 «« 

0.014 " 

0.151 «* 

0.030 ♦* 

0.048 •* 

0.126 ** 



products of substances introduced into the system in the form of 
food and beverages. The normal constituents of the urine, ac- 
cording to the basis of classification adopted by Hoppe-Seyler, 
are as follow : 1. Urea and related substances, — uric acid, allan- 
toin, oxaluric acid, xanthin, guanin, creatinin, thio- (sulpho-) 
cyanic acid. 2. Fatty and other non-nitrogenous substances, — 
fatty acids of the series Cn H^n O2 ; oxalic, lactic, glycero-phos- 
phoric acids; very small quantities of certain carbohydrates — 
sugar (Brucke). 3. Aromatic substances, — the ethereal sulphates 
of phenol, cresol, pyrocatechin, indoxyl, and skatoxyl ; hippuric 
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acid, aromatic osy acids, i. Other organic substances, — pig- 
ments ; ferments, especially pepsm ; mucus^ and Ijumic sub- 
etanced, 5. Inorganic saltSf — chlorides of sodium and potaBSttim, 
potassium sulphate j sodium, calcium, and magnesiam phos< 
phates; silicic acid» ammonium compounds, and calcium car- 
bonate. 6, Gases, — nitrogen and carbon dioxide. 

The quantitative composition of the human urine is best ex- 
pressed in the cliissiail table of Parkes, m on preceding page. 

The proportion Imtween the solids of the urine and the water, 
according to Becquerel, is as follows : Water 967 grains, solida 
33 grains in each 1000 grains. Of the solid matters the organic 
elements amount to about 24.865 grain s^ while the inorganic con- 
stituents are about BJ35 grains in each 1000 grains. 

Changes in the Urine upon Standing,— Considering the some- 
what complex composition of the urine, holding as it does in so- 
lution both organic and inorganic compounds which are subject 
to organic as well as chemical alterations, as might be expected, 
the urine is suliject to more or less rapid changes after it has 
buen voided. The rapidity of these changes depends chiefly upon 
the reaction and concentration of the urine, the temperature of 
the room in which it is kept^ and the degree of access to micro- 
organisms. A normal acid urine usually first precipitates the 
amorphous urates, then uric acid, and frequently oxalate of caU 
ctum. Under ordinary circumstances these changes take place 
within three days after the urine is voided. At ordinary tem- 
peratures (70^ to 1i^ F.— 2LP to 23.3^ C), after twenty-four 
to forty-eight bours^ standing, and much sooner under high tem- 
peratures (say, 100^ F. — 3t.8^ C), the urine begins to become 
dull and opaque from the presence of micro-organisms, — ^$mon 
fungi. These multiply, and at the end of four or five days, as a 
consequence, ammoniacal decomposition sets inj that is to say, 
through the activity of the fungi the urea is gradually trans- 
formed into carbonate of ammonium. The urine becomes more 
and more alkaline from the liberation of ammonium carbonate. 
The amorphous urate deposit now becomes transformed into 
urate of ammonium, uric-acid crystals are substituted by char- 
acteristic prismatic crystals of ammonio-magnesian phosphate 
(triple phosphate), and amorphous granules of calcium phosphate 
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are deposited in quantity at the bottom and sides of the vesseL 
Finally, the bacterial activity diminishes as the urine becomes 
strongly alkaline, and the micro-organisms ultimately perish. 
Urines of low density and feeble acidity undergo the above-de- 
scribed changes more rapidly, and, moreover, as a rule, do not 
deposit urates. 

A change sometimes occurs in acid urine, consisting of pro- 
gressive acidity, in which the urine darkens in color and deposits 
uric acid and urates and sometimes calcium-oxalate crystals, with 
the frequent presence of yeast-Aingus and bacteria. This was 
formerly termed the ^^ acid fermentation y^^ but, according to 
Scherer, it is caused by the mucus, which acts as an enzyme, or 
ferment, producing an acetic-acid or lactic-acid fermentation, with 
precipitation of uric acid and acid urates. 

Collection of Urine for Analysis. — For the purpose of quanti- 
tative determination of the urinary constituents it is essential 
to have a sample of a mixture of the whole product of the kid- 
neys for twenty-four hours. The varying degrees of solid and 
fluid contents of the urine at different hours of the day render 
the observance of the above rule strictly essential if we desire a 
sample of urine that will represent the average product of the 
kidneys. In order to guard against the early changes in the 
urine which have just been described, the urine should be col- 
lected in a perfectly-clean vessel, — preferably a half-gallon bottle, 
— which should stand in a cool but dry room during the collec- 
tion, and the bottle should be corked after each addition of urine. 

For qualitative determination of the morbid products of the 
urine — as sugar, albumin, etc. — it is preferable to collect a freshly- 
voided sample of the urine about three hours after a meal, not the 
urine voided in the morning on rising. Of all urines, that voided 
in the morning on rising is the least likely to contain albumin 
or sugar. When these substances are only occasionally present 
in the urine, they are most likely to be found after food and ex- 
ercise. Finally, in collecting a sample of urine for purely micro- 
scopical examination, it should be perfectly fresh and as con- 
centrated as possible. It has been shown that the urine soon 
undergoes ammoniacal changes upon standing, the result of which 
is to render it more or less strongly alkaline. Now, morphological 
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elements, as epithelium and casts, are soluble in alkaline solu- 
tions ; so that they may, if present when the urine is voided, be- 
come unrecognizably altered, or even disappear, if the foregoing 
precautions be not observed. Concentration of the urine may be 
obtained by directing the patient to abstain, as much as consistent 
with comfort, from the use of fluids for twenty-four hours. 

PHYSICAL CHARACTERS OP THE URINE. 

Color. — The average color of normal urine of specific gravity 
1.020 and 1500 cubic centimetres' volume for twenty-four hours 
is straw or wine yellow, — amber-colored. This, however, is sub- 
ject to considerable variations at different times of the day, and 
under varying circumstances included within the range of perfect 
health. Thus, from an almost colorless (watery) appearance the 
urine may range through the yellows and reach reddish brown. 
The pale, watery urine in health contains relatively small amounts 
of coloring matter, as well as urea and salts. It is seldom very 
acid, often neutral or feebly alkaline, and it is most often brought 
about by copious drinking. Highly-colored urine, on the con- 
trary, is usually concentrated, containing relatively large quan- 
tities of solids and coloring matters. Its specific gravity is high, 
and its reaction is usually sharply acid. It results from dimin- 
ished excretion of water by the kidneys, while the solids and 
coloring matters are normal or increased. In health it may 
occur after hearty meals, vigorous exercise, or when the skin 
has been unduly active and little fluids imbibed. 

Pathologically the urine is subject to much wider variations 
in color than in health. This may be due either to increase or 
diminution of the normal coloring matters, on the one hand, or, 
on the other, to the addition of abnormal pigments. Abnor- 
mally light-colored urine is often due to polyuria, as in diabetes, 
hysteria, and convulsions ; or it is often observed in diseases of 
the kidney which not only increase the normal amount of water 
in the urine, but which also reduce tlie solids and coloring mat- 
ters, — notably, interstitial nephritis and amyloid degeneration 
of the kidneys. Highly-colored urine, approaching red, is most 
often- induced by acute pyrexia and inflammations. This is due 
in part to concentration of the urine, though largely also to the 
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presence of uro-erythrine. The distinctly red tints of the urine 
are always due to the presence of foreign coloring matters, most 
often blood. The dark-brown tints may be due to the presence 
of methsemoglobin in diseases of the kidney attended by haem- 
orrhage. The urine in cases of melanotic cancer sometimes be- 
comes almost black, especially after standing for some time. 
Green urine, of dull hue, is common in jaundice, the color beinpj 
due to the presence of biliverdin. The urine is frequently of a 
greenish hue in diabetes, notably when the urine contains a high 
percentage of sugar. Blue urine, of dull tint, is not uncommon 
in cholera and typhus, owing to the presence of indigo. Finally, 
certain drugs, when swallowed, affect the color of the urine to 
a more or less marked degree : thus, rhubarb and senna cause 
brown or reddish tints ; carbolic acid sometimes causes a black 
color in the urine, notably after the urine has stood some time ; 
the same results follow the ingestion of naphthalin, hydrochindn, 
resorcin, and pyrocatechin. Lastly, santonin, when swallowed, 
always causes a yellow color in the urine, of decided hue. 

J. Yogel has, at considerable labor, constructed a scale of 
colors of the urine from nature, which has, in a manner, become 
standard for comparative purposes. These colors he expresses 
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as (1) pale yellow, (2) light yellow, (3) yellow, (4) reddish yel- 
low, (5) yellowish red, (6) red, (7) brownish red, (8) reddish 
brown, and (9) brownish black. (See Frontispiece.) He divides 
these into three groups, the first three being yellow urines, the 
second three reddish urines, and the last three brown or dark 
urines. In comparing the color of the urine with the scale the 
urine should first be filtered if not perfectly clear, and it should 
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be examined by transmitted light in a glass vessel at least three 
or four inches in diameter. It is claimed that the shades of 
color in Vogel's scale correspond to certain relative amounts of 
coloring matter in the urine, and the test-table on preceding page 
has been constructed for the purpose of color analysis. 

Application. — The table indicates how much coloring matter 
equal parts of urine of different colors contain relatively. Thus, 
if a certain volume of pale-yellow urine contain 1 part of coloring 
matter, the same volume of yellowish red contains 16 parts; of 
red, 32 parts ; of brownish black, 256 parts. It further indi- 
cates that 1 volume of yellow urine contains as much coloring 
matter as 4 volumes of pale yellow ; 1 of red = 32 of pale yel- 
low, etc. If, therefore, one person pass 1000 cubic centimetres 
of yellow urine in twenty-four hours, and another 4000 cubic 
centimetres of pale-yellow urine in the same time, both secrete 
an equal amount of coloring matter. In order to make an ap- 
proximate comparison by figures, Vogel places the quantity of 
coloring matter which 1000 cubic centimetres of pale-yellow 
urine contain = 1. 

Example, — 1800 cubic centimetres of urine of yellow color 
are passed. 1000 cubic centimetres of pale-yellow urine equal 
one part of coloring matter. 

But yellow, according to the table, contains four times as 
much ; therefore the following proportions : 1000 : 4 = 1800 : X 
=3 7.2 as the amount of coloring matter in 1800 cubic centimetres 
of yellow urine, the coloring matter in 1000 cubic centimetres of 
pale-yellow urine being considered as the unit. 

Halliburton gives the following concise table of color vari- 
ations of the urine, with their causes. (See next page.) 

Odor. — The odor of normal freshly-voided urine is peculiar, 
— of slightly aromatic nature, — due, it is believed, to phenylic, 
taurylic, damoluric, and damolic acids in minute quantities. 
There is considerable difference in the intensity of the uric odor 
in health, always being most pronounced in concentrated urine. 
If the urine become alkaline from standing, it acquires a pecu- 
liar, repulsive, putrescent odor, in which ammonia is plainly 
distinguishable. The former is due to the decomposition of 
mucus and other organic matters, while the ammonia is in the 
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Cause or CoLORAnoir. 


PaTHOUMICAL COffNTIOir. 


Nearly colorleas. 


Dilution, or diminution 
of normal pigmeuU. 


Nervous conditions : 
hydruria, diabetes insipi- 
dus, granular kidney. 


Dark yellow to 
browD-red. 


Increaae of normal, or occur- 
rence of pathological, 
pigments. 


Acute febrile diseases. 




Fat-globules. 


Chyluria. 


Milky. 


Pus-corpuscles. 


Purulent diseases of the 
urinary tract. 


Orange. 


Excreted drugs. 


Santonin, chrysophanic acid. 


Red or rftddlnh 


Unchanged haemoglobin. 


Hemorrhages, 
or hsemoglobinuria. 




Pigments in food (logwood, 
madda, bilberries, fuchsin). 






Hsematin. 


Small hemorrhages. 


Brown to 


Methemoglobin. 


Methemoglobinuria. 


brown-black. 


Melanin. 


Melanotic sarcoma. 




Hydrochinon and catechol. 


Carbolic-acid poisoning. 


Greenlah yellow, 
greenish brown, ap- 
proaching black. 


Bile-pigments. 


Jaundice. 


Dirty green 
or blue. 


A dark-blue scum on sur- 
face, with a blue deposit, 
due to an excess of indigo- 
forming substances. 


Cholera, typhus; seen ea- 
pecially when the urine it 
putrefying. 


Brown-yellow to 
red-brow n , becom 
ing blood-red upon 
adding alkalies. 


Substances which are in- 
troduced into the system 
with senna, rhubarb, and 
chelidonium. 
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form of carbonate, resulting from bacterial decomposition of a 
part of the contained urea,— CON,H4+2H,0= (NH^),C03. 

Certain substances, when ingested, impart to the urine pecu- 
liar and unnatural odors. Thus, a characteristic odor is acquired 
after eating asparagus, and an odor not unlike violets is produced 
by the administration of turpentine-oiL The odor of cubebs, 
copaiba, sandal wood-oil, garlic, tolu, etc., are more or less com- 
municated to the urine when taken internally. These odors may 
be serviceable by indicating that the patient has taken certain 
medicines or foods. Beauvis and others have claimed that the 
peculiar odors after asparagus and turpentine-oil do not appear 
in the urine in organic diseases of the kidney. This, if true, 
might be valuable for diagnostic purposes, but more extended 
observation has not confirmed the assertion. 

Pathologically the odor of the urine renders some informa- 
tion. Thus, if the urine be ammoniacal when voided, it is strong 
evidence of the existence of cystitis. In suppurating conditions 
of the upper urinary tract the urine is often peculiarly offensive 
(putrid), in consequence of its contained decomposing pus, blood, 
and organic elements. In diabetes the urine often has the odor 
of acetone. Urine containing cystin possesses an odor, at first, 
like sweet briar, but subsequently becomes very ofiensive. 

Transparency. — The normal freshly-voided urine may be said 
to be always macroscopically clear; after standing, a mucous 
cloud, more or less pronounced, usually appears, which is un- 
changed by alkalies, heat, or mineral acids. Pathologically the 
urine may become cloudy from various causes, as the preci^nta- 
tion of urates, carbonates, phosphates, or organic products, as 
blood, chyle, excess of mucus, pus, bacteria, etc. If the cloudi- 
ness of the urine disappear upon the application of gentle heat, 
it may be concluded that the turbidity was due to the presence 
of precipitated urates. If, on the contrary, the turbidity increase 
upon the application of heat, it is due either to precipitation of 
the earthy phosphates or to albuminous cell-elements, as pus or 
blood. If the phosphates be the cause of the cloudiness, the 
latter rapidly clears up by the addition of an acid. If, on the 
other hand, it become more turbid upon the addition of the acid, 
it may be concluded that pus, blood, or albuminous cell-elements 
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are the cause of the opacity. If the urine remain unchanged by 
the acetic acid, or if the turbidity be very slightly increased 
thereby, it may be concluded that mucus or micro-organisms are 
the cause of the turbidity. 

Consistence. — Normal urine is always of aqueous consist- 
ence ; that is to say, it drops and flows as does water. Patho- 
logically the urine may become thick and viscid, so that it flows 
from the vessel slowly and with diflSculty, not separating into 
drops. Such is usually the case when the urine contains a large 
amount of mucus or pus, and especially if, in addition, the urine 
be alkaline. Diabetic urine, if heavily laden with sugar, is of 
diminished consistence, as is evidenced by its tendency to froth 
when agitated ; and the same may be said of highly-albuminous 
urine. In chylous urine, owing to the contained molecular fat, 
the fluid often becomes much thickened. In fibrinuria the urine, 
after standing, sometimes becomes thickened into a jelly-like 
consistence ; so that it may stick to the vessel when the latter is 
inverted. 

Specific Gravity. — The average specific gravity of normal 
urine of 1500 cubic centimetres (50 ounces) in volume for 
twenty-four hours is about 1.020. By this is meant taking dis- 
tilled water at 15° C. (60° F.) as 1. the normal standard for 
urine is about 1.020. Slight variations from this standard are 
consistent with perfect health, and depend chiefly upon the 
character of the food taken, as well as the quantity thereof, and 
the rapidity of tissue metamorphosis. If the diet consist largely 
of nitrogenous foods, they furnish a higher relative amount of 
solids than fluids to be excreted by the kidneys, and, conse- 
quently, the specific gravity of the urine will be somewhat in- 
creased. Active muscular exertion also tends to raise the 
specific gravity of the urine. Copious diaphoresis may bring 
about a concentrated condition of the urine, with an accom- 
panying increase of specific gravity. The specific gravity of 
the urine may be lowered by fasting or by imbibing large 
quantities of fluids. Very marked departures from the normal 
specific gravity of the urine often constitute pathological factors 
of great importance. In nearly all forms of organic albuminu- 
ria (Bright's disease) the tendency is toward a lowered specific 
gravity of the urine. An important fact to be noted in this 
connection is that, in most cases of so-called functional albumi- 
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fii/rta, the specific giaritj of the urine is above the normal 
standard, Progii optically, in casea of nephritis, a marked re* 
dnction of the specific gravity of the urine should always be 
regarded as of serious import. If the specific gravity of the 
f urine be markedly increased, it is strongly indicative of meli- 
turia. Should it reach aa high as 1.030, or above, search should 
always he made for sugar. 

The specific gravity of the urine may be taken with the 
urinometer, but more accurately by the Westpbal Mohr or Sar- 
torius balance. Only approximately correct results are possible 
with the urinometer; but considerations of convenience have 
induced moat (formerly including the author) to sanction its 

use* The best of urinometers are 

often far from correct, and therefore 
the Westphal or Mohr balance is 
atrongly advised where practicable, 

TliG urinometera made by Squibb 
are among the best of such instrn* 
ments* They are standardized at 
25^ C. 01"^ F.) and a thermometer 
IB ftiraisbed with each instrument 
for temperature corrections (see 
Fig. 1). In taking the specific 
gravity of the uritie with the uri- 
no meter the jar is filled about threc- 
fonrtlis full of urine, and any froth 
appearing at the top is removed by 
filterinof^paper or a pipette. The urinometer is next introduced 
nito the urine and touched gently with the finger-tip^ so that 
it sinks and rises a few seconds until it finds the correct level. 
Wl*en it conies to a rest the scale is read off on a level with the 
eye, and tiie figure on a level with the surface is marked* 

The Westphal balance {Fig. 2) is extremely accurate^ carry* 
itig out the specific gravity to the fifth figure (fourth decimal). 
To take the specific gravity of the urine by this instrument 
proceed as follows t- — 

After the tBAtrumeQl la moimted, and tlie bcftm re^ta Id equLUbrium, the 
glasA plummet wbk'h coDtalnfi the thermometer U suspended from the hcK>k on 
the rti^ht-hand end of tbe l>eam together with one of tbe Iftrge rtd«ra (A}. Tbt« 
b*l%u€C8 with dfitUled wttcr «t ISP C. ftud repraoeuU 1. Next pour the udue 
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into the Jar until the twUt in the platinum wire Is below the surface, then begin 
the weiKhing. Place the second rider (B) in the first notch on the left of the 
scale on the beam, and, if the plummet rises, remove the rider to the second 
notch. If now the beam balances, and the temperature of the urine Is 15^ C. 
the specific gravity of the urine is exactly 1.020. If the plummet sUll rises, 
however, take the third-size rider (C) and find the notch on the beam where it 
rests in equilibrium, or very nearly so. If the beam balances with the third 
ilder (6^),— say, in the fourth notch,— the specific gravity is exactly 1.024. 
Should, however, the plummet still rise slightly, take the fourth rider (/>, 
smallest one) and find the exact balance and, if in the sixth notch, the specific 
gravity will be 1.0246. In other words, the second rider (B) gives the third 
figure (second decimal) of the specific gravity; the third rider (C) finds the 
fourth figure (third decimal) of the specific gravity ; and the fourth rider (/>) 
gives the fifth figure, or fourth decimal. With a little practice, determinations 

of the specific gravity of the urine by 
means of the Westphal balance will be 
found rapid, simple, and absolutely cor- 
rect.' Care should be exercised that no 
air-bubbles become attached to the plum- 
met, and the proper temperature correc- 
tions should be made as directed below. 



di%.HiAd(D 




Fig. 2.— Westphal Balancb. 



The temperature of the urine 
immediately after being voided 
ranges from 85° to 96° F. (29.6° 
to 35° C.) ; therefore, in taking 
the specific gravity of freMy- 
xwided urine, before cooling, its 
temperature should be observed, 
and for every 7 degrees of tem- 
perature the thermometer indi- 
cates above that upon which the instrument is standardized 1 
deirree should be added to the specific gravity of the urine in 
addition to that indicated by the instrument. 

Chemical Reaction. — Normal mixed urine — that is to say, the 
whole twenty-four hours' product — is always acid. The acidity 
is due to acid sodium phosphate, and not, as formerly supposed, 
to free acid. This acid sodium phosphate is derived from the 
alkaline sodium phosphate of the blood ; the uric, hippuric, sul- 
phuric, and carbonic acids of the urine take up part of the 
sodium, leaving an acid salt. 

The degree of acidity of the urine varies at different times of 
the day, especially with regard to food. Soon after a meal the 

* All determinations of specific ffravity of the urine in the author's labo- 
ratory are made with the Weetphal balance. 
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Rcidttj begins to diminish, and in from tkree to four hours tlie 
alkaline tide aaualfy reaches its height; occasionally, though 
rarely, the acidity may become so diminished at such times that 
the urine gives an alkaline reaction with test-paper. Freshly- 
voided urine may be alkaline either from fixed alkali (alkaline 
ealta of potaisium or sodium) or from volatile alkali (alkalioe 
Baits of ammonium). It is important to distinguish between 
these two conditiDns, as in the first case it merely reflects a con- 
dition of the bloody while in the second case it is nearly alwaya 
associated with chronic inflammatory conditions of the lower 
urinary tract, notably the bladder* If red or violet litmus^paper 
turn bine in contact with urine just voided, and renflain blue 
upon drying, the reaction is due to fixed alkali, If^ on the 
other hand, the paper return to the original color upon drying, 
the reaction is due to volatile alkali (ammonia). 

The urine is rendered alkaline by the administration of alka- 
line carbonates or the salts of vegetable acids. The urine may 
be rendered alkaline, usually to a Icsa extent, by the following 
circumstances: Soon after a Aill meal; after the discharge of 
gastric juice in abnormal ways, — through fistula or by copious 
vomiting ; after hot Imths and free perspiration ; upon a vegetable 
diet. With vegetarians, as with herbivorous animals, the food 
contains an excess of alkaline salts or vegetable acids. These 
acids are converted into carbonates in the blood, which, passing 
into the urine, cause an alkaline reaction* 

The acidity of urine is increased by the ingestion of acids, 
saccharin, a purely meat diet, and prolonged muscular exercise. 
It may be developed, as already shown, by acid fermentation, 
and In certain pathological conditions free fatty acids may ap- 
pear and render the urine sharply acid (lipaciduria). 

Occasionally it happens that the urine is amphotericT— 1>*, 
the same urine turns red litmus-paper blue and blue litmus red. 
This seemingly paradoxical reaction, according to Huppert, 
depends upon the presence of acid and neutral phosphates in 
variable proportions. 

Quantity.— The average quant Uy of urine of a healthy indi- 
vidual who eats and drinks in moderation, and lives in a temper- 
ate atmosphere, Is about 1500 cubic centimetres (50 ounces) In 
twenty-four hours. The relative quantity varies considerably 
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with the time of day, most being passed in the afternoon, less 
in the morning, and least at night. The volume of urine for 
twenty-four hours varies much in conditions of health, according 
to certain circumstances. It is decreased by unusual activity 
of the skin and bowels, as well as by rest and abstaining from 
fluids. It is decidedly increased by imbibing large quantities of 
fluids, the use of diuretic drugs, to a less extent by cold, atmos- 
pheric moisture, exercise, and liberal eating. 

Pathologically the urine is increased in diabetes, cirrhosis of 
the kidney, amyloid or waxy kidney, pure cardiac hypertrophy, 
pyelitis, hysteria, and convulsions. The quantity of urine is 
decreased in acute nephritis, cj^anotic induration from cardiac 
defect, acute fevers, and inflammations. The urine may be more 
or less completely suppressed in the acute forms of nephritis, in 
the algid stage of cholera and yellow fever, by violent fevers and 
inflammations, by shock or collapse from internal injuries, — as 
rupture of the liver, spleen, bowels, or other viscera, — by the 
reflex shock or the congestion following catheterization (urinar}' 
fever), and by obstructive diseases of the urinary passages, no- 
tably the ureters. Finally, it is important to observe that in 
nephritis more or less complete suppression of the urine, often 
followed by uraemia and death, may result from the administnition 
of anesthetics such as chloroform and ether, notably the latter. 

In estimating the quantity of urine it should be carefully 
collected for twenty-four hours, in an accurately-covered vessel, 
in order to exclude dust and prevent evaporation, the patient 
being directed to void and collect the urine previous to each 
movement of the bowels. 

Soh'ds. — In determining the solids of the urine observations 
should be made upon a sample of the mixed product of the kid- 
neys for the whole twenty-four hours. The most accurate results 
are obtained by taking a given quantity of urine, — say, 20 cubic 
centimetres, — in a previousl^^-weighed porcelain dish, and evapo- 
rating it over a water-bath. It should then be dried in a warm 
chamber for an hour or so, and then allowed to cool, when it 
should be weighed. This should be repeated a number of times 
until there is no further loss of weight from drying; then the 
difference in weight between the empty dish and that containing 
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the dried solids constitutes the weight of the solids in 20 cubic 
centimetres of the urine. From this the solids of the whole 
volume of urine may be readily reckoned. 

The foregoing method being somewhat tedious, and, besides, 
consuming too much time for practical work, approximate results 
may be more readily obtained by multiplying the last two figures 
of the specific gravity of the urine by the co-efficient of Haser, 
which is 2.33. This gives, approximately, the number of grammes 
of solids in each 1000 cubic centimetres of the urine. 

Example. — If the twenty-four hours' urine be 1500 cubic 
centimetres, and the specific gravity be 1.020 with Baser 's co- 
efficient, then we have as follows : — 
20 X 2.33 = 46.60 grammes in 1000 cubic centimetres of urine; 

^^ ^ 46.6 X 1500 ._. . ... 

therefore, = 69.9 crrammes of solids. 

'1000 ^ 
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From these determinations it will be found that, by dividing 
the mean quantity of solid constituents found in 1000 grammes 
of urine by the last three decimals of the mean specific gravity, 
we obtain the quotient 0.23295, for which we may conveniently 
substitute the number 0.233, as Baser suggests. By multiplying 
with this quotient the three last decimals of the specific gravity 
carried out to four places of decimals, we obtain the figures in 
the third column of the table. The variations from the results 
obtained by actual weighing may be seen by a glance at the 
table. If, however, as is usual, the specific gravity of the urine 
be determined only to three decimals, the second and third fig- 
ures multiplied by 2.33, as suggested by Haser, give approxi- 
mately the amount of solid matters in 1000 parts of urine. 

A material reduction of the solids of the urine in cases of 
renal disease indicates a tendency to uraemia, and therefore puts 
the physician on his guard against this dangerous complication. 
The diagnosis between diabetes insipidus and hydruria may be 
determined by the amount of solids in the urine. The so-called 
renal inadequacy — an obscure term introduced by Sir An- 
drew Clark, which usually means unrecognized interstitial ne- 
phritis — and the anazoturia of Willis are both indicated by a 
reduction of the solids of the urine. 

During the course of acute fevers and inflammations the 
quantity of solids in the urine furnishes very valuable information 
as a guide both for prognosis and treatment. The amount of 
tissue metamorphosis, as evidenced by the quantity of solids 
in the urine, is a good indication of the severity of the disease. 
If these changes be too active, measures are indicated for re- 
straining them. If exudations are to be removed, a copious ex- 
cretion may indicate to us that the chemico-vital changes ending 
in elimination are progressing sufficiently without artificial aid. 
Again, by insufficiency of the urinary solids defective elimination 
may be detected when the thermometer indicates a high ratio of 
tissue metamorphosis in progress, and we are thereby admon- 
ished to employ measures to re-establish elimination. 

No definite deductions are to be drawn, from the quantity of 
solids present, as to the relative amount of any special product, 
especially that of nrea. Since the amount of urea normally con- 
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stitutes about one-half of the solids excreted by the kidneys, it 
has been suggested that an approximate knowledge of the amount 
of urea is to be gained by merely dividing the whole quantity of 
solids by 2. Such a rule should never be suggested as a guide 
in pathological conditions, because, under such circumstances, 
the various solids of the urine are often present in widely dif- 
ferent proportions, as well as quantities. In addition to this, 
the special solid constituents of the urine possess widely different 
specific gravities, — notably that of urea from sodium chloride, 
which is as 2 to 3. For these reasons, even when the total solids 
are determined with accuracy, the amount of urea, nitrogen, or 
other constituent, if sought, can only be determined by special 
quantitative methods, which will be described in the succeeding 
section of this work. 

Having ascertained the actual quantity of solids in the urine, 
in order to make deductions therefrom of any definite value in 
health or disease, careful regard must be had to certain con- 
ditions and features connected with each individual case before 
we can determine the degree in which the quantity of solids is 
excreted above or below the average or normal standard for 
such individual case. Those that chiefly influence the normal 
balance of excretion can be reduced to a ratio that will afibrd 
approximate results of definite and practical value. The most 
prominent of these conditions are : the weight of the individual, 
the age, the diet, and the amount of exercise taken. We may 
place the average weight at 66 kilogrammes (145 pounds) avoir- 
dupois, the age being from 20 to 40, the diet that of ordinary 
mixed foods, and the exercise being that of the usual healthy 
man about ordinary labor. To the above standard the following 
general rules may be applied : — 

1. The average excretion of solids per weight of 145 pounds 
being 61.14 grammes (945 grains), a proportional reduction or 
addition should be allowed, according to the weight of the sub- 
ject examined. 

2. Deduct 10 per cent, from the average solids in persons be- 
tween 40 and 50 years of age, 20 per cent, if between 50 and 60, 
30 per cent, if between 60 and 70, and 50 per cent, above TO. 

3. For Diet. — In persons who have fasted for two or more 
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days, as in some fevers and other diseases, deduct one-third from 
the average solids. If the diet be spare, deduct one-eighth to 
one-sixth ; if rather plentiful, but still below that of health, de- 
duct one-tenth. 

4. For Exercise, — If there be total rest, deduct one-tenth 
from the average solids; but if merely quietude, deduct one- 
twentieth. 

The average standard of excretion of solids by the kidneys 
(61.14 grammes — 945 grains — for weight of 66 kilogrammes — 
145 pounds avoirdupois) represents the mean of the combined 
observations by Becquerel, Parkes, Bocker, J. Vogel, Lehman, 
Gorup Besanez, Ranke, and Rummel, obtiiined by evaporating 
the urine and determining the solids by actual weighing. The 
rules for correction are based on the proportions laid down by 
Parkes. 

Estimation of Acidity of the Urine. — Since the acidity of the 
urine is due to acid sodium phospbate, it cannot be quite cor- 
rectly estimated by the ordinary acidi metric method, owing to 
the action of the alkali employed upon the acid sodium phos- 
pliate, a mixture of neutral and acid sodium phospbate resulting 
at first, producing the so-called amphoteric reaction and render- 
ing the recognition of the exact end-reaction impossible. A 
slight excess of NaOH must therefore be added and the reading 
taken when the reaction has become faintly alkaline, the degree 
of acidity found being a trifle too high. 

Method, — Take 100 cubic centimetres of urine in a flask from 
the twenty-four hour specimen and titrate with a one-tenth 
normal solution of sodium hydrate, using a sensitive litmus-paper 
as an Indicator until a faintly-alkaline reaction is produced. The 
number of cubic centimetres of the one-tenth normal solution 
employed muliiplied by 0.0063 will give the percentage of acidity 
in terms of oxalic acid. The total acidity thus found corresponds 
to from 2 to 4 grammes of oxalic acid per day. 



SECTION II. 

COMPOSITION OF NORMAL URINE. 

ORGANIC CONSTITUENTS. 

Urka— CO(NH,),. 
Urea, or carbamide, was first prepared syntheticaUy from 
ammonium cyanate — (NH4)CN0— by Woliler (1828). From 
tlie urine it was first prepared in an impure state by Rouelle, 
and subsequently by Fourcroy and Vanquelin. Urea crystallizes 
in colorless, quadrilateral, or six-sided, silk-like prisms with 
oblique ends, or, when rapidly crystallized, in delicate white 




Fio. 8.— Crystals of Urea. 

needles, which melt at 120® C. (248° F.). They contain no water 
of crystallization, and are permanent in the air, soluble in cold 
water, the solution being neutral in reaction. With nitric acid 
urea unites to foim nitrate of urea (CON^HfHNOs), which 
crystallizes out in octahedral, lozenge- shaped, or hexagonal 
plates, which are less soluble in water than are urea crystals. 

Urea owes its origin in the economy partly to retrograde 
tissue metamorphosis, including the blood, and partly to splitting 

(21) 
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up of unassimilated nitrogenous principles of the food. Thus, the 
greater portion of nitrogen taken into the system in the way of 
food is excreted by the kidneys in the form of urea. It is there- 
fore the most bulky single constituent of the urine, ranging in 
quantity, according to circumstances, from 20 to 40 grammes 
(300 to 600 grains) in twenty-four hours in the healthy adult. 

That the liver constitutes the chief seat of urea formation is 
now pretty generally accepted as fact. This was originally 
claimed to be the case by Meissner, and more recently confirmed 
by Brouardel, Schroeder, and Minkowski. It is not improbable, 
however, that the spleen and perhaps the lymphatic and secreting 
glands to some extent participate in the urea formation. For- 
merly it was erroneously supposed that urea was formed in the 
kidneys ; but it is now known that after complete extirpation of 
the kidneys the formation of urea continues as before, and accu- 
mulates in the blood. Likewise, in diseases of the kidney entail- 
ing suppression of the urine, urea continues to be formed and 
accumulates in the organism. The evidence derived from pathol- 
ogy strongly points to the liver as the chief seat of urea forma- 
tion. Thus, in diabetes, we know that metabolism of the hepatic 
cells is greatly increased, causing an abundant formation of sugar 
as well as urea, which pass into the blood and are excreted by the 
kidneys. On the other hand, in degenerative changes in the liver 
the urea formation is markedly diminished. Thus, in acute 
yellow atrophy of the liver the urea in the urine is greatly dimin- 
ished — sometimes absent. The relations of degenerative changes 
in the liver to urea formation have recently been much elucidated 
by Noel Paton,^ who points out that two functions of the liver 
exist — bile formation and urea formation — and, moreover, that 
they bear a direct relationship to each other. It has already 
been stated that urea owes its origin in the economy to retrograde 
tissue metamorphosis and nitrogenous principles of the food ; in 
other words, the proteid constituents in the organism. Of the 
intermediate steps in this transformation but little is definitely 
known, although much has been written on this subject, most of 
which is conjectural. The excretion of urea reaches its maximum 

^ Britiih Medical Journal, vol. 11, 1S86, p. 207. 
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quantitj' upon an exclusiye meat diet ; much less is excreted upon 
a mixed diet, and least of all upon a strictly vegetable diet. 

Variations in the quantity of urea excreted, in a measure, 
constitute an expression of the changes in nitrogenous tissue 
metabolism, and as such possess definite clinical value. Tbus, in 
acute fevers and inflammations, until the crisis of the disease is 
reached there is greatly increased elimination of urea. On the 
other hand, in chronic diseases (cachexias), when tissue meta- 
morphosis is retarded through malnutrition, the excretion of urea 
is diminished. Similar results follow in diseases involving the 
integrity of the liver, — the elaborating source of urea. In 
Bright^s disease urea excretion is diminished in consequence of 
impairment of the structure of the kidneys. Preceding, usually 
for some time and during ura^mic attacks, the excretion of urea is 
markedly diminished, forming a valuable indication of the ap- 
proach of this dangerous complication. Mental and muscular 
activity hasten urea excretion by accelerating tissue waste ; and 
hence urea excretion is more active during waking than during 
sleeping hours. The variations in the amount of exercise, tbe 
quantity and quality of food taken, atmospheric vicissitudes, the 
degree of activity of the other excretory organs, etc., render the 
relative and absolute amount of urea excreted almost as variable 
as the amount of water. If the mode of life be very regular and 
equable, the amount remains pretty uniform ; but great care is 
necessary to maintain all the physiological conditions even. 
Under the latter circumstances the mean amount of urea ex- 
creted in twenty-four hours, by healthy adult males between 
the ages of 20 and 40 years, is 33.18 grammes (512.4 grains). 
Close calculations give the average excretion of urea as .015 to 
.035 gramme per hour for each kilogramme of body-weight. The 
absolute quantity of urea excreted by women is below the average 
of men. The same is true with children ; but, on the other hand, 
the relative quantity excreted by children is much higher than 
by either men or women. 

Urea may be separated from the urine as follows: First 
evaporate, then add strong, pure nitric acid in excess, keeping 
the mixture cool during acid ulat ion. Pour off the excess of fluid 
from the crystals of urea nitrate formed ; strain through muslin 
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and press between heavy filter-paper. Add to the dry prodaot 
barium carbonate in excess, and add suflScient alcohol to form a 
pasty consistence. Dry on a water-bath, and extract with al- 
cohol ; filter ; evaporate the filtrate on a water-bath, and set aside 
to crystallize. The result is nearly pure urea, plus the coloring 
matters of the urine. The simplest method of decolorizing the 
product is to filter through animal charcoal, and afterward purify 
by recrystallization. 

Detection. — 1. A very simple method of detecting urea is to 
place a drop or two of the suspected fluid upon a glass slide, and 
after adding a drop of nitric acid gently warm over a spirit-lamp. 
If urea be present, upon evaporation the microscope will show 
the characteristic crystals of nitrate of urea, of rhombic or hex- 
agonal forms, singly or in masses, their acute angles being eighty- 
two degrees. 

2. Add to the suspected fluid three parts of an aqueous solu- 
tion of furfur aldehyde, and subsequently a few drops of strong 
hydrochloric acid, and warm. A series of colors — ^j'ellow, green, 
violet, purple, and red — is produced, settling at length into a 
brown, sticky mass if urea be present. 

3. To a few drops of the suspected fluid in a test-tube add 
an equal quantity of solution of hypobromite of sodium, and a 
rapid evolution of bubbles takes place if urea be present. 

4. Warm a few crystals of urea in a test-tube; add a trace of 
sodium or potassium hydrate and a drop of a dilute solution of 
cupric sulphate. A violet or rose-red color is produced, — the 
biuret reaction. 

Determination of Urea. — The methods devised for the purpose 
of determining the quantity of urea in the urine are very numer- 
ous ; most of which, however, are founded upon one of three 
principles: 1. The mercuric nitrate, or Liebig's method. 2. The 
hypobromite, or Knop-Hufner method. 3. The ditferential den- 
sity method, obtained by measuring the amount of urea by the 
specific gravity of the urine lost through decomposition of the 
contained urea. 

Liebig^s Method, — The combination between urea and mer- 
curic oxide— (CON, H4), Hg (NO3}, + 3 HgO— forms a white 
precipitate, insoluble in water and weak alkaline solutions. It 
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IB, therefore^ necessary to prepare a standard solution of mercury, 
and to have an indicator by which to detect the point when all 
the nrea has entered into combination with the mercury, the latter 
slightly predominating. This indicator is sodium carbonate, 
which gives a yellow color with the eaccess of mercury, in conse- 
quence of the formation of hyd rated mercuric oxide. 

Theoreticall}', 100 parts of urea should require 720 parts of 
mercuric oxide ; but practically 772 parts of the latter are neces- 
sary to remove all the nrea, and at the same time to show the 
yellow color with alkali; therefore, the solution of mercuric 
nitrate mu^t be of empirical strength in order to give accurate 
results. The following solutions are required for testing: — 

L Standard mercuric nitrate solution. Dissolve 77.2 grammes 
(1158 grains) of red oxide of mercury (weighed after drying over 
fm water-bath), or 71. 5 grammes (1072 grains) of the metal itself 
in dilute nitric acid* Espel the excess of acid by evuporatioii to 
a syrupy consistence. Make up to 1000 cubic centimetres with 
distilled water, adding the water gradually. This solution is 
of such strength that 19 cubic centimetres will precipitate 10 
cubic centimetres of a 2-per-t^ent. urea solution. Add 52,6 cubic 
centimetres of water to the litre of the mercuric nitrate solution, 
and shake well; then 20 cubic centimetres (instead of 19) equal 
10 cubic centimetres 2-per-cent, nrea solution, — t.e.^ 1 cubic centi- 
metre equals 0,01 urea, 

2, Baryta mixture. Prepare by mixing two volumes of 
P^iolution of barium hydrate with one volume of solution of barium 
nitrate, both saturated in the cold. 

Analysis, — Take iO cubic centimetres of urine, add to this 
20 cubic centimetres baryta mixture and filter oif the precipitate 
oT barium salts (phosphates and sulphates). Take 15 cubic centi- 
metres of the filtrate (corresponding to 10 cubic centimetres of 
urine) in a beaken Discharge into it the mercuric nitrate solu- 
tion from a burette, until, on mixing a drop of the mixture with 
a drop of saturated solution of sodium carbonate on a white tile, 
a pale-lemon color appears. Then read the amount used from the 
burette, and calcutate thence the percentage of nrea* 

Corrtciinns, — This method only approaches accuracy when 
the quantity of nrea present is about 2 per cent,— the normal 



26 ANALYSIS OF URINE. 

percentage of urea in the urine. The chlorine in t\^ arin« 
must be estimated, and the quantity of urea indicated «-educed 
by subtraction of 1 gramme (15 grains) of urea for every 1.3 
grammes (19 grains) of sodium chloride found. If the urine 
contain less than 2 per cent, of urea, 0.1 cubic centimetre of mer- 
curic nitrate solution must be deducted for everj' 4 cubic centi- 
metres used ; if more than 2 per cent, of urea, a second titration 
must be performed, with the urine diluted with half as much 
water as has been needed of the mercurial solution above 20 cubic 
centimetres. Supi)ose, then, 28 cubic centimetres have been used 
in the first titration, the excess is 8 cubic centimetres; therefore, 
4 cubic centimetres of water must be added to the urine before 
the second titration is made. When ammonium carl)onate is 
present, first estimate the urea in one portion of urine, and the 
ammonia by titration with normal sulphuric acid in another; 
0.017 gramme of ammonia equals 0.030 gramme of urea. The 
equivalent of ammonia in terms of urea must be added to the 
urea found in the first portion of the urine. 

Modifications. — Rautenberg^ and Pfliiger* have devised the 
following modifications of Liebig's original method, just de- 
scribed : — 

Rautenherg^s method consists in maintaining the urea solu- 
tion neutral throughout by successive additions of calcium 
carbonate. 

Pfiuger^s modification is the one most generally emploj'ed, 
which is as follows : A 2-per-cent. solution of urea is prepared ; 
10 cubic centimetres of this are placed in a beaker, and 20 cubic 
centimetres of the mercuric nitrate solution are run into it in a 
continuous stream ; the mixture is then placed under a burette 
containing normal sodium carbonate, and this is added, with 
constant agitation, until a permanent yellow color appears. The 
volume so used is noted as that necessary to neutralize the acidity 
produced by 20 cubic centimetres of the mercurial solution in 
the presence of urea. A plate of glass is then laid on black 
cloth, and some drops of a thick mixture of sodium bicarbonate 

^ Ann. Chem. Pbarm., vol. czzxiff, p. 55. 

> Zelt. anal. Chem., vol. zix, p. 875. PfeifTer (Zeit. Biol., Tol. zx, p. 640) 
hat carefully compared the different methods. 
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(free fi-om carbonate) and water placed upon it at convenient 
distances. The mercurial solution is added to the urine in such 
volume as is judged appropriate, and from time to time a drop 
of the white mixture is placed beside the bicarbonate, so as to 
touch but not mix completely. A point is at last reached when 
the white gives place to yellow; both drops are then rubbed 
quickly together with a glass rod, and the color disappears ; fur- 
ther addition of the mercurial solution is then made to the urihc 
till a drop rubbed with the bicarbonate remains permanently 
yellow. Now neutralize by the addition of the normal sodium 
carbonate to near the volume found necessary in the preliminary 
experiment. If this be quickly done, a few tenths of a cubic 
centimetre of mercuric nitrate will be found sufficient to com- 
plete the reaction. If much time has been lost, however, it may 
occur that, notwithstanding the mixture is distinctly acid, it 
gives, even after the addition of sodium carbonate, a permanent 
yellow, although no more mercuric nitrate be added. The 
analysis, under such circumstances, must be repeated, taking 
the first titration as a guide to the quantities which are neces- 
sary. Pfliiger's correction for concentration of urea is different 
from Liebig's, and is as follows : — 

V^ = volume of urea solution -f volume of sodium-carbonate 
solution + volume of any other fluid free from urea which 
may be added. 

V* = volume of mercuric nitrate solution used. 

C = correction =— (V^— V») X 0.08. 

This formula holds good for cases in which the total mixture 
is less than three times the volume of mercuric nitrate solution 
used; with more concentrated solutions the formula gives 
results too high. 

Hy])obromite 3fethod,— This is a far more simple and ready 
method to manipulate. The principle of the method introduced 
by Knop depends upon the fact that, when urea in solution 
comes in contact with sodium-hypobromite solution, nitrogen is 
set free as a result of the total decomposition of the urea. 
Thus :— 

CON.H^ -f 3NaBrO = CO, + 2HjO + 3NaBr + 2N. 
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The CO, is absorbed by the excess of sodiam hydrate in the 
hypobromite solution used. One gramme of urea furnishes 370 
cubic centimetres of nitrogen at 0^ G. and under 760 millimetres 
pressure, Enop's hypobromite-of-sodium fluid is 
made tis follows: In 250 cubic centimetres of 
distilled water 100 grammes of sodium hydrate 
are dissolved, and after cooling 25 cubic centi 
metres or bromide are added. 

A number of apparatuses have been devised 
fur carrying out this method, the best known of 
which are those of Hufner, Dupr^, and Germrd. 
But altogether the simplest and most ready 
metbod of carrying out the hypobromite test is 
by means of the instrument devised by Doremus, 
of New York, which gives very satisfactory ap- 
proximate results for rapid clinical work.* The 
bulb of the instrument is filled with the alka- 
line hypobromite solution, and by inclining the 
tube the long arm is filled to the 
bend at the bulb.* By means of the 
nipple-pipette, 1 cubic centimetre of 
the urine to be tested is slowly dis- 
charged up the long arm into the 
hypobromite solution. A rapid de- 
composition of urea takes place; 
the bubbles of nitrogen rise in the 
long arm of the instrument, while 
the displaced liquid flows into the 
bulb, which serves as a reservoir for 
In fifteen minutes the decomi)Osition of urea is 




Fio. 4.— Dr. Dokbmus's 
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the overflow. 

1 Mi'ssrct. Eimer & Ainenil, 205 and 211 Tlifi-d Aveuue, New Turk, supply 
these instruments at very moderate cost. 

* As the hypobromite solution does not keep well, it is best to keep the 
bromine and the sodium-hydrate solution separate, as follows: Have on hand a 
solution of sodium hydroxid, 100 grammes to 250 cubic centimetres of water 
(6 ounces to the pint). In another bottle should be kept the bromine. To pre- 
pnre the solution freshly for use, take 10 cubic centimetres of the sodiuni- 
hydroxid solution, and add thereto 1 cubic centimetre of bromine (1 to 10). 
After the bromine has been thoroughly mixed with the alkali, dilate with an 
equal volume of water, and the solution is ready for testing. 
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complete, and the graduation on the long arm will indicate the 
quantity of urea in the volume of urine tested. Two forms of 
the instrument are furnished, — one graduated to read fractions 
of a gramme to the cubic centimetre of urine, and the range is 
from 0.01 to 0.03 gramme. If it be desired to read the per- 
centage of urea instead of the grammes per cubic centimetre, 
simply remove the decimal-point two figures to the right, — ^thus, 
0.02 gramme to the cubic centimetre is 2.0 per cent, of urea. 
The other form of the instrument is similar, save that it is 
graduated to show the number of grains of urea per fluidounce 
of urine. 

The normal quantity of urea in the urine is about 2 per 
cent., or 0.02 gramme per cubic centimetre, or 10 grains per 
ounce. 

The differential density method^ as devised by Dr. George B. 
Fowler, of New York, is very simple in application. This 
method is based upon the fact that there is a difference in the 
specific gravity of urine before and after the decomposition of 
its urea by the hypochlorites. Every degree of density lost 
corresponds to 0.77 per cent., or about 3 J grains per ounce. 
The hypochlorite solution employed is Squibb's solution of 
chlorinated soda (Labarraque's solution), of which seven parts 
will destroy the urea in one part of urine, unless the amount is 
very large, in which case the urine should be diluted with an 
equal bulk of water and the result multiplied by 2. The process 
consists in adding to one volume of urine — say, one ounce in a 
large hydrometer jar — seven volumes of Labarraque's solution, 
the specific gravity of which has been taken. Decomposition 
immediately ensues, and at the expiration of a few hours all the 
nitrogen of the contained urea has escaped. The specific gravity 
of tbe quiescent mixture is now noted, and also that of the pure 
urine. We now have the specific gravity of the mixture of the 
urine and Labarraque's solution after decomposition. In order 
to ascertain what it was before decomposition, we resort to the 
law of proportions. Multiply, therefore, the specific gravity of 
the Labarraque solution by 7, add the specific gravity of the 
urine, and divide the sum by 8. Now, from this — the specific 
gravity of the mixture before decomposition — subtract that ob- 
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tained after decomposition. Multiply the diflTerence in degrees 
by 3J, and the result will be the number of grains of urea per 
ounce of urine; or, better, by 0.77, which gives the percentage 
of urea. The presence of sugar or albumin in the urine does 
not interfere with this test. 

Urio Acid (C5H4N4O3). 

Uric acid, like urea, is a nitrogenous product, although it 
exists in the urine in comparatively small amount, — about 0.4 to 
0.8 gramme being excreted by the kidneys in the healthy man in 
twenty-four hours. Upon decomposition uric acid yields about 
33.3 per cent, of its weight in nitrogen. It is feebly soluble, 
requiring 15,000 parts of cold or 1900 parts of boiling water 
to dissolve it. It is, for the above reason, rarely found in the 
urine in the free state ; more often in the form of crystalline 
deposit, — reddish sand ; most often, however, it exists in combi- 
nation as urates. 

Uric acid is dibasic ; that is to say, it contains two atoms of 
H which may be substituted by two atoms of a monad metal. 
Urates containing but one atom of potassium, sodium, or ammo- 
nium are acid urates ; those containing two atoms are neutral 
salts. Uric-acid crystals usually occur in urines of strongly- 
acid reaction, although exceptionally they may be found in alka- 
line uriue at the beginning of, or in the early stage of, alkaline 
fermentation. It is common to find uric-acid crystals deposited 
from highly-concentrated urines (dark-colored urine), such as is 
often noticed after a diet largely of proteid foods or after free 
perspiration; and in such cases it is not of special significance. 
It is otherwise, however, when deposit occurs from increased 
formation and excretion, resulting after febrile crises, rheumatic 
arthritis, renal and vesical lithiasis, leukaemia, pernicious ansemia, 
diabetes, uric-acid diathesis, and conditions of respiratory in- 
sufficiency. Crystals of uric acid occurring in physiological and 
pathological urines present many variations, most of which are 
well seen in Plate III. 

Uric acid crystallizes in the urine in rhombic, rectangular 
prisms, wedge- and whetstone- shape, of yellowish-red color, con- 
stituting, with its salts, the only sediments of the urine thus 
colored. 
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Uric acid correspotids with urea in its protein origin in the 
ofgiinieni, but the seat of its formation has given rise to much 
discussion. Two dilltMent views are held upon this subject; L 
That, like urea, it is formed in the tissues, notably in the spleen 
and liver J and merely excreted by the kidneys. This view is 
supported by the following facts : (a) In the normal condition 
but a small amount of uric acid is found in tJ»e blood, (b) In 
gout, where excretion of the uric acid is diminished, it accumu 
lates in tlie blood and tissues. 
(c?) A Her extirpation of the 
kidneys it continues to be 
formed, (d) The secretion of 
uric acid is most abundant at 
the t^ieriod of digestion, when 
the liver and spleen are the 
most active. 2, This view sup- 
poses that the kidneys not only 
constitute the seat of excretion, 
but also that of fonnalion of 
uric acid. Garrod has ably 
supported thia view,* basing 
his conelusionSf first, on the 
fact of the small amount of uric acid in the blood of birds 
and reptiles, and also that he was unable to find more uric 
acid in the liver and spleen of birds than in those organs 
in mammals. But Schroeder has recently shown (1) that 
the liver of birds contains a high percentage of uric acid; 
(2) that after removal of the kidneys uric acid continues to 
l»e formed, and accumulates in the blood and liver; (3) that 
by passings blood through the liver, immediately after removal 
of that organ from the body, it is found that the uric acid is 
much increased ; and (4) he regards ammonia as the roost im- 
portant precursor of uric acid Just as In mammals it is the most 
imi>ortant precursor of urea.' In addition to this, the experi- 
ments of Minkowski are still more conclusive. He succeetled in 
keeping geese alive for from six to twenty hours after extirpation 

^ LumJetBti Lecture* J Lancet | ¥ol. i, 1883* 
» Ludwig'i FeetKhHrt, 1887, p. 80. 
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of the liver ; after the operation their urine contained but 2 or 
3 per cent, of uric acid, instead of the normal 60 or 70 per cent. ; 
the ammonia was correspondingly increased to 50 or 60 per 
cent., instead of the normal 9 to 18 per cent. 

All the facts at present available render the following con- 
clusions probable: 1. That uric acid is formed chiefly in the 
liver. 2. It is formed by the synthesis of ammonia and lactic 
acid, which, after the removal of the liver, appear in the urine 
in equivalent quantities. 3. That the remnant of uric acid in the 
urine after extirpation of the liver originates from xanthin and 
similar products. 

The quantity of uric acid in the urine should never be pre- 
sumed to be excessive from the mere fact of deposit of uric-acid 
crystals in the urine upon cooling, as in fact such may, and very 
often does, occur when the uric acid is both relatively and abso- 
lutely deficient. The conditions of the urine which tend to pre- 
cipitation of uric acid are as follow : 1. High grade of acidity 
of the urine. 2. Poverty in mineral salts. 3. Low percentage 
of pigmentation. 4. High percentage of uric acid. 5. Long 
standing. Any urine upon standing sufficiently long will deposit 
uric-acid crystals in consequence of the changes culminating in 
ammoniacal decomposition. 

As already stated, the quantity of uric acid excreted in twenty- 
four hours by the average healthy man ranges from 0.4 to 0.8 
gramme (6 to 12 grains). The proportion of urea to uric acid 
is stated by Parkes to be about 45 to 1. 

Uric-acid excretion is increased by a rich animal diet, es- 
pecially if combined with limited exercise in the open air; by 
acute febrile conditions ; by lung and heart diseases, attended by 
dyspnoea; by diseases which impede respiration, as large ab- 
dominal tumors, ascites, etc. ; by leukaemia ; and by the so- 
called uric-acid cachexy. Uric acid, on the other hand, is 
diminished in advanced Bright's disease, urina spastica, hy- 
druria, arthritis (especially the gouty form), gout, and, in 
general, wherever urea is diminished in quantity uric acid is 
usually also diminished. 

Detection of Uric Acid. — 1. Uric acid, as such, is easily recog- 
nized by the microscope, owing to the characteristic rhombic, 
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yellowish-red crystals. The microscope also most readily dis- 
tlDguishes uric acid from its compounds. 

2. The presence of both uric acid and its compounds may be 
readily detected by means of the murexide test. The sediment, 
or residue, after evaporation, is first treated with a few drops 
of nitric acid in a porcelain capsule, and, after warming over a 
spirit-lamp until evaporated almost to dryness, a drop or two of 
ammonia is added, and, if present, a beautiful purple-red color 
immediately appears, gradually diffusing over the bottom of the 
capsule. 

The murexide test depends upon the facts that, by the ad- 
dition of nitric acid and heat to uric acid or urates, first alloxan 
and subsequently alloxantin are formed, which, on the addition 
of ammonia, form murexide, — acid purpurate of ammonium. 

3. If one or two drops of nitrate-of-silver solution be dropped 
upon white filter-paper, and then touched with an alknline solu- 
tion of uric acid (sol. with sodium carbonate), a black color ap- 
pears if 0.001 per cent, of uric acid be present ; even 0.0005 pet 
cent, of uric acid, if present, will cause a brownish-yellow or 
grayish stain. 

4. A solution of uric acid or urate, warmed with copper sul- 
phate and caustic potash, produces a reddish precipitate of 
cuprous oxide. 

Determination of Uric Acid. — An approximate and sufficiently 
accurate process for most clinical purposes is Heintz's method, 
which is also very simple : Take 200 cubic centimetres of urine, 
and add to it 10 cubic centimetres of hydrochloric acid. Let 
stand for twenty-four hours in a cool room. Collect the precipi- 
tated uric-acid crystals on a previously-weighed filter, and wash 
with cold distilled water. Dry the filter and uric-acid crystals 
in a desiccator, and weigh. By subtracting the weight of the 
filter, the result will be the weight of tbe uric acid in 200 cubic 
centimetres of urine. If albumin be present, it should first be 
removed and the urine should always be filtered before applying 
the testj otherwise subsequent filtration is very difficult. 

Occasionally it happens that urine containing uric acid gives 
no precipitate as above, and a number of other methods have 
been suggested, but as yet we lack a thoroughly trustworthy and 
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ready method for clinical work. Haycraft's method has hereto- 
fore been most employed. This is based upon the fact that uric 
acid combines with silver as silver urate ; the silver urate is col- 
lected, dissolved in nitric acid, and the silver is estimated volu- 
raetrically b}'^ Vollard's method. From the amount of silver 
found the amount of uric acid is calculated. Czapek found a 
large error in this method, and Salkowski also regards the process 
as misleading, because the composition of the silver urate is not 
uniform, and Gossage confirms this statement. The methods of 
Fokker-Salkowski and Camerer have been strongly recommended, 
of late. The following method of Hopkins, which is a modifica- 
tion of Fokker's method, has recently been recommended as the 
best to date * : — 

Eopkins^s Method, — In this process the uric acid and all the 
urates are precipitated by saturation with ammonium chloride, 
which converts them all into urates of ammonium. They are 
then filtered out and the uric acid separated by the action of 
hydrochloric acid. The final estimation is then made by titra- 
tion with a standard solution of potassium permanganate, which 
is found more accurate than weighing. 

The process, as applied to all urines, normal and pathological, 
is as follows : — 

1. In Normal Urine toithout Deposit. — (a) To 100 cubic cen- 
timetres of the urine ammonium chloride is added until practi- 
cally saturated ; about 35 grammes are necessary. When a small 
quantity of the chloride remains undissolved, even after brisk 
stirring at intervals of a few minutes, saturation is sufficient. 
As the temperature of the urine again rises, from the depression 
due to the process of solution, any residual crystals will, for the 
most part, dissolve ; but there is no necessity for adding more. 

{!)) Afler having stood for two hours, — better with occasional 
agitation, to promote subsidence, — the precipitate produced is 
filtered through a thin filter-paper and washed three or four 
times with saturated solution of ammonium chloride. The 
filtrate should remain perfectly clear and bright. 

(r) With a jet of hot distilled water the urate, which will be 

1 Jour. Pathology and Bacteriology, 1S93, toI. i, No. 4, p. 450. 
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iomewbat pigmented, is now washed off the filter into a small 
beaker, and heated just to boiling with an excess of hydrochloric 
acid. It is then allowed to stand for the uric acid to separate 
out completel3^ Two hours Is sufficient, if the liquid be cooled* 
The acid is tlien filtered off and washed with cold distilled 
water. The filtrate should be measured fce/bre the washing has 
begun ^ and 1 milligramme added to the final result for each 15 
cubic centimetres of liquid present This need never be more 
than from 20 to 30 cubic centimetres. 

The acid is now again washed off the filter with hot water, 
warmed, with the addition of sodium carbonate, till dissolved, 
and the solution then made up to 100 cubic centimetres. Being 
transferred to a flask of sufficient capacity, it is mixed with 20 
cubic centimetres of strong, pure sulphuric acid, and immedi- 
ately titrated with one-twentieth normal potassium- permanganate 
solution. The latter should be added slowly toward the eud of 
the reaction, the close of which is marked by the flmt a]>proaeh 
of pink color, which is permanent for an appreciable interval. 
Previously, the disappeamjice of the color will have been inatan* 
taneous. The flask should be agitated throughout the operation. 

The standard solution is made hj dissolving L578 grammes 
of pure potassium permanganate in I litre of distilled water. 
Of this^ 1 cubic centimetre is equal to 0.003 75 gramme of uric 
acid. The addition of 20 per cent, of sulphuric acid to the 
solution produces a temperature suitable to the reaction, and 
no thermometer need be used* 

2. In acid urine coniaining cystin the author recommends the 
addition of a few drops of strong ammonia, which will obviate 
all diiliculty. 

3. In alkaline uHne with abundance of phosphates^ they 
should be filtered off after complete precipitation by heat. The 
ammoniacal urate conies down more rapidly in alkaline than acid 
urine. The only objection to adding ammonia in all cases ia 
its tendency to precipitate the phosphates, 

4. Albuminous urine does not interfere with accurate deter- 
mination of uric acid by this method, but requires a little longer 
digestion with hydrochloric acid. 

5. With highly-pignieyiUd urine the original urate precipitate 
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is thoroughly digested with alcohol, and after acidification the 
filtrate is gradually heated to boiling, and then digested for some 
time on a water-bath. The separated crystals are then thoroughly 
washed. 

In all cases exceedingly accurate results are claimed, and 
the process can be carried out with ease and comparative rapidity. 

Xanthin (CjH^N^O^). 

This substance contains one atom of oxygen less than uric 
acid, hence its close alliance chemically with the latter. Xanthin 
is present in normal urine, although in very small quantity. 
Neubauer found only 1 gramme in 300 litres of normal human 
urine. When deposited in the urine spontaneously, it forms 
brittle scales of yellowish-white color and of somewhat waxy 
consistence. It is insoluble in alcohol and ether, feebly soluble 
in water, and readily soluble in alkalies, as well as in dilute 
nitric and h3'drochloric acids. Xanthin is a constituent of a 
very rare form of calculus, having thus been met with not to 
exceed half a dozen recorded times, and these always in cases of 
youth. As a urinary sediment it has been encountered more 
frequently. 

Although xanthin is widely distributed throughout the 
economy, having been found in most of the viscera as well 
as in the blood, the conditions which give rise to its increased 
and decreased excretion by the kidneys, as well as its occurrence 
as a urinary sediment, are as yet but little known. Durr and 
Strohmyer state that its amount in the urine is increased by 
sulphur-baths. 

Detection. — When dissolved in dilute hydrochloric acid, upon 
evaporation xanthin separates into hexagonal crystals. When 
evaporated to dryness with nitric acid, a yellow residue remains, 
which turns red with potassium hydrate and reddish violet on 
being heated. 

Allantoin (04H,N40j). 

This substance is obtainable from uric acid by oxidation with 
potassium permanganate (care being taken that the temperature 
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does not rise), the potassium permaDgauB.t€ taking up water and 
oxygen, forming atlantoin and carbonic acid : — 

2C jH^K^Oa + 2H,0 + 0, = 2C^HeN^0a + 2C0, 

Uric Aci± An&au^is. 

AUantoin crystallizes in colorlesi prisms^ which are soluble 
in hot water, but slightly soluble in cold water, and insoluble in 
alcohol and ether. It is precipitated from its solutions by mer- 
curic suits. AUantoin occurs in mere traces in norma) human 
urine, except directly after birth, but it is increased by a meat 
diet, and by admiuistration of tannic acid. It was found bj 
Wohler in the urine of newborn calves, and since then by numer- 
ous observers iu the uriue of newborn infants. Its close chem- 
ical alliance with uric acid is shown by the fact that Salkowski 
found allantoin with urea and oxalic acid much increased iu the 
urine of animab (dogs) by the administration of uric acid. 

Detection snd Determination,^ — ^ Allantoin may be separated 
from the urine bj precipitation with lead acetate, filtering, pass- 
ing sulphuretted hydrogen through the filtrate, filtering again, 
eTaporating the final filtrate to a syrupy consistence, and letting 
it stand for several days. AUantoin then crystalllzea out 

Creatinin (C^H^N|0). 

Creatiuin and ereatrn are both constituents of normal urine, 
and are subject to interchange one into the other, according to 
certain conditions. In alkaline urine creatiu appears in greater 
quantity, while the reverse is the case with strongly acid urine^ 
Physiologically they may be considered as one body, although 
chemically they dificr in the fact that crcatin contains H ^O more 
than creatinin, as may be seen by their formulae, — creatiu in ^ 
C^H,NaO; creatin, O^HgNgO^, Since the urine is usnally 
acid^ creatiuin is generally eousidered the normal constituent. 

Creatmin is a decided base— probably the strongest in the 
economy — giving a distinctly alkaline reaction with test paper. 
It crystallizes in large colorkss prisms, soluble in water and 
alcohol, but almost insoluble in ether. 

Creatinin is a con3tant constituent of normal human uriud^ 
being ejicreted Iu nearly the same amount as uric acid, — QM to 
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0.9 gramme in tweiity-foiir hours (1 to 13 graum). It Una been 
generally considered that creatinin of the urine arises from th« 
creatin of the muscles^ because when animals are fed on creatin 
the creatinin of the urine is increased. But Meissner has showu 
that when creatin is injected into the blood it appears in the urine 
as such unchanged ; aud it would therefore appear that the kid* 
neys have not the power of converting creatin into creatinin j the 
change probably takes place normally in museles, the creatinia 
entering the blood and being excreted by the kidneys. Bunge, 
how eve r» points out the fact that the relatively small excretion 
of creatinin cannot account for the large amount of creatin of 
the muscles, — 90 grammes, lie therefore considera it more prob- 
^ able that creatinin is ultimately 

W^9 /yfj \y^ converted into urea, the crea- 

£^S r^jgj Ik^' tinin of the urine — or creatin, 
~ \xy if the urine be alkaline^ — ^being 

derived from the food. 

Creatinin is excreted in in- 
creased amount uix>n a meat 
diet, and in diminished quantity 
by fasting. Clinically it is 
excreted in increased quantity 
in acute diseases, — as pneu- 
monia, the efflorescent stages 
of typhoid and intermittent 
fever^ and in some cases of 
diabetes, though not in all. It is diminished in convalescence 
from acute diseases, in advanced degeneration of the kidneys, 
and tetanus. In diseases characterized by muscular wasting in 
general, creatinin is usually diminished* 

Detection and Determination.— 1. When a solution of sodium 
nitro-prussiate is added to a dilute solution of creatinin, and 
subsequently sodium hydroxid is added, a red color appears^ 
which changes to yellow upon standing (Weyrs test), 2. A so- 
lution of creatinin, as in the urine^ acidulated with nitric acid, 
gives, with phospho-molybdic acid, a yellow crystalline precipi- 
tate, soluble in hot nitric acid. 3. With zinc chloride it gives a 
characteristic erystalline precipitate (groups of fine needles) con- 
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sistiDg of a combination of zinc chloride with creatinin. This 
test is used for quantitative estimation of creatinin. 

The five bodies just considered in detail — viz., urea, uric acid, 
xanthin, allantoin, and creatinin — constitute the chief constit- 
uents of normal urine of the nitrogenous type, or protein derira- 
tion. In addition to these, however, thio- (sulpho-) cyanic acid 
is found in the urine, in very minute quantities, in the form 
of thiocyanates. 

AROMATIC SUBSTANCES OP THE URINE. 

These comprise four classes : (a) Hippuric acid and similar 
aromatic compounds of glycocin. (b) Combinations of glycu- 
ronic acid with aromatic substances, (c) Aromatic oxj^-acids. 
(d) Ethereal sulphates. 

HiPPURio Acid (C^H^NOa). 

Hippuric acid is monobasic and crystallizes either in the form 
of fine needles or fournsided prisms and pillars terminated by two- 
or four- sided beveled surfaces. The typical form is that of a ver- 
tical rhomboid prism. It is colorless, odorless, and of slightly 
bitter taste. It requires 600 parts of cold water to dissolve it, 
but it is much more soluble in hot water and readily so in hot 
alcohol and ether. It is soluble in ammonia and alcohol, but 
insoluble in hydrochloric acid. Hippuric acid is a constant ele- 
ment of normal urine, although present in small amount, — 0.5 to 
1 gramme being excreted by the kidneys in twenty-four hours. 

Hippuric acid is an interesting product in a comparative 
physiological sense, since it forms a connecting link between the 
urine of herbivora, omnivora, and the carnivora ; being present 
in comparatively large amount in the former, much less in the 
second, and absent in the last-named order. It is also interesting 
in itself, as forming one of the best illustrations of synthesis 
occurring in the organism. 

In man the hippurie acid excreted by the kidneys depends 
chiefly upon the character and quantity of food eaten, being in- 
creased by a vegetable diet, — especially by certain fruits, as cran- 
berries, prunes, gpreen gages, etc. The administration of benzoic 
add, oil of bitter almonds, toluol, cinnamio acid, benzylamin. 
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phenylpropionic and kinic acids also cause an increased excre- 
tion of hippuric acid. On the other hand, an animal diet greatly 
decreases its excretion, although it does not disappear from the 
urine upon an exclusive meat diet. Clinically we find an in- 
creased excretion of hippuric acid in diabetes and chorea, as well 
as in acute febrile processes. Numerous obserrations go to show 
that hippuric acid is formed in the kidneys ; synthesis, as a rule, 
fkiled after removal of these organs. 




Pio. 7.— Hippuric- Acid Crystals. (After Peyer.) 

Detection and Determination.— I. Evaporate the urine with 
nitric acid, and heat the residue in a dry test-tube. If hippuric 
acid be present an odor like that of oil of bitter almonds is 
plainly observable, due to the formation of nitrobenzol. 2. If 
the urine contain an excess of hippuric acid, it may be deter- 
mined by slightly evaporating and feebly acidulating with hydro- 
chloric acid. Upon standing for a few hours the hippuric acid 
crystallizes out and may be recognized by the microscope. The 
hippuric-acid crystals may be readily separated from uric-acid 
crystals by hot water, if the uric acid be present in sufficient 
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quantity to interfere with the test, 3* Maiasner^s method con- 
sists in precipitating cariifaUy 1000 to 1200 cubic centimetres of 
urine with Btroiig barjta-water ; the excess of the latter is re- 
moved by a few drops of Bulpburic acid (of which an excess is to 
be avoided) and then filtered. The filtrate, accurately neutral- 
ized with hydrochloric acid, is then evaporated on a water-bath 
to the consistency of a thick syrup, and the neutral residue, 
while still hot, is added to 150 or 200 cubic centimetres of abso- 
lute alcohol in a closed glass vesseL Any suceiuic-aeid salts are 
precipitated together with the chLoride of sodium, etc., while the 
hippuric-acid salts remain in solution. After retreated agitation^ 
as soon as the precipitate has settled well the alcoholic solution 
is decanted and the alcohol completely driven off on the water- 
bathj the syrupy residue, which on cooling solidifies to a crystal- 
line mass, is put in a closed vessel while it is still hot, acidulated 
with hydrochloric acid, and the hi|>punc acid extracted by 
ahaking with not too email amounts of ether (100 or 150 cubic 
centimetres). After the ether is distilled off, the residue is di- 
luted with water, and heated to boiling with a little milk oflime. 
The hippuric acid sepamtes from the concentrated filtrate, after 
the addition of byclrochloric acid, in beautiful crystalline ro- 
settes; they can be obtained entirely free ftora color by treating 
with pure animal cbarcoaL 

Uombinationw a/ Oli/€Hronie Add.— Thli bodj 1i donelj alHed to the cmrbo- 
hjdr&tes, and U apt t4> be mtiUken Tor tugv ia the urine, Nortn«ny K oceuri 
la mere troif^ea In tsHtie. It occurs parti; In oombttmUon with aromatic eub- 
•taocea. 

Aromatic thy^^eidt^^Ot theaa hydrop&racumarlc acid or oiji>hcn$'1prdpl* 
DTitc acta at}cl oiypheuylai-eltt' acid are foUD^ Iti mliiuU^ <|uatitliiei In the urlue, 
111 comblQiliati with potAAiiium, 

Etbgebal Suuhates, 

In 1851 Stadeler discovered, on distilling the urine with di- 
lute sulphuric acid, small quantities of phenol or carbolic acid in 
the distillate, Hoppe-Seyler showed that phenol is not present 
in the urine in a free state, but as a compound, from whieh it 
is lil>erated by sulpliurie acid in distillation. In 1876 Oaumann 
discovered that this compound consists of an ethereal compound 
of phenol and sulphuric acid. Baumann also discovered the pres- 
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ence of other like ethereal sulphates in the urine, consisting of 
compounds of the radicle HSO3, sometimes incorrectly termed 
sulphonates. The most important of this series are the ethereal 
potassium sulphates of phenol, creosol, catechol or p3'rocatechin, 
indole, and skatole. These compounds are present in the urine of 
herbivora more abundantly than in camivora or omnivora ; but 
they are present in the urine of all animals in smaller or larger 
quantities. They originate in two ways : (a) from aromatic sub- 
stances in food, and (b) in the intestine as the result of putrefac- 
tive changes. In man, whose food contains but little aromatics, 
tlie origin of these ethereal sulphates is probably chiefly, if not 
entirely, in the intestines, as above indicated ; since, if putrefac- 
tion in the intestines be arrested, these substances disappear 
ft*ora the urine. The proportion of the ethereal sulphates to the 
total sulphates of the urine is about 1 to 10. 

Hopi)e-Seyler found the ethereal sulphates in the urine in ex- 
cess under the following circumstances : 1. In deficient absorp- 
tion of the normal products of digestion, such as occurs in peri- 
tonitis and tuberculosis of the intestine, because the products of 
digestion undergo putrefactive changes, and the putrefactive 
products are absorbed. 2. Diseases of the stomach, in which 
the food long remains in the stomach and undergoes fermenta- 
tive changes, always result in excess of ethereal sulphates in the 
urine. 3. Putrefactive processes outside the alimentary canal, 
putrid cystitis, putrid abscesses, putrid peritonitis, etc., have 
the same effect. The amount of ethereal sulphates is, moreover, 
in all cases proportional to the severity of the putrefaction, and 
is increased by the retention and diminished by the discharge of 
putrid matter ; as, for instance, in opening an abscess. By these 
and other observations it has been conclusively established that 
the best guide to the occurrence and amount of putrefaction in 
progress in the economy is the relation of the ethereal sulphates 
to the total sulphates. 

Phenol-Potassium Sulphate (CeHjOSOaK). 

The above is the form in which phenol or carbolic acid exists 
in the urine. Phenol (CeHeO) was found to be one of the in- 
testinal products of putrefitction by Baumann, as already stated. 
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This is absorbed and excreted in the above form ; some of the 
sulphate comes from tyrosine, which passes through the stages 
of paraereosol and paraoxy benzoic acid before conversion into 
the phenol salt (Baumann). 

After the use of carbolic acid, externally or internally, the 
amount of phenol sulphate in the urine is increased ; two sub- 
stances are formed by splitting up of carbolic acid, called pyro- 
catechin and hydroquinon. These become, in alkaline urine, dark 
brown upon exposure to the atmosphere; producing the well- 
known color of the urine in " carboluria." 

Deteotion. — 1. Distil the urine acidulated with sulphuric acid. 
Phenol appears in the distillate ; add bromine-water, a precipitate 
of tribromophenol appears, — deep yellow. 2. Warm the distillate 
with Millon's reagent and a cherrj^-red color results. 3. Add 
ferric chloride to the distillate and a deep-violet color results. 

Determination. — Approximate results may be obtained as fol- 
lows: 100 cubic centimetres of urine are concentrated over a 
water-bath to 20 cubic centimetres volume. Sulphuric acid is 
added in such quantity as to represent 5 per cent, of the mixture. 
Distil until the distillate is no longer rendered cloudy by addition 
of bromine-water. The distillate is filtered, if necessary, and 
colored a permanent light yellow with bromine- water. The mixt- 
ure is allowed to remain two or three days at a moderate tem- 
perature. A precipitate of tribromophenol (CeHjBraOH) forms 
and is collected on a weighed filter, washed with water, and dried 
in an exsiccator over sulphuric acid to constant weight; 100 
parts of tribromophenol correspond to 28.4 parts phenol. 

Indoxyl-Potassium Sulphate (CgHeNO.SOaK). 

(INDICAN f) 

Indole (CgH^N), the basis of the above substance, is formed 
in the intestines ; indoxyl, as a radicle thereof, has the formula 
CgH^NO, which, united with SO5K, forms the indoxyl-sulphate 
of potassium of the urine. It occurs in white tablets and plates, 
soluble in water, but sparingly soluble in alcohol. By oxidation 
indigo blue is formed therefrom. Indoxyl-potassium sulphate 
has received the erroneous name of indican, under the mistaken 
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belief that it is identical with vegetable indican. But the latter 
substance is a glucoside, and only resembles the former in the 
fiu;t that one of its decompositional products is indigo blue. 

The blue, green, and some red urines met with in disease 
probably owe their colors to this salt in different stages of oxi- 
dation. It is excreted in excess on an exclusive meat diet, 
or the ingestion of indole. Clinically an increased excretion of 
this substance by the kidneys is observed in Addison ^s disease, 
cholera, carcinoma of the liver, chronic phthisis, central and 
peripheral diseases of the nervous system, typhoid fever, dys- 
entery, and the stage of reaction in cholera. In obstructive 
diseases of the small intestine its excretion is enormously in- 
creased. In general, the appearance of large quantities of this 
substance in the urine implies that abundant albuminous putre- 
faction is progressing in some part of the sjstem. Sometimes, 
as urine is undergoing decomposition changes, a bluish-red pel- 
licle, consisting of microscopic crystals of indigo blue and red, is 
seen, — due to decomposition of the indoxyl-sulphate. 

Detection. — 1. Mc Murines method: Equal parts of urine and 
hydrochloric acid with a few drops of nitric acid are boiled 
together, cooled, and agitated with chloroform. The chloroform 
is colored violet, and shows an absorption band, before Z>, due to 
indigo blue, and another after Z>, due to indigo red. 

2. Jaffe^B method: Mix 10 cubic centimetres of strong hydro- 
chloric acid with an equal volume of urine in the test-tube, and 
while shaking add drop by drop a perfectly-fresh saturated solu- 
tion of chloride of lime, or chlorine-water, until the deepest at- 
tainable blue color is reached. The mixture should next be agi- 
tated with chloroform, which readily takes up the indigo and 
holds it in solution, and the quantity present may be approxi- 
mately estimated according to the depth of the color. 

If the urine contain albumin, it should be removed before 
applying these tests, otherwise the blue color often arising from 
the mixture of hydrochloric acid and albumin after standing may 
prove misleading. 

3. Pour 4 cubic centimetres of hydrochloric acid into a small 
flask, and while stirring add from 10 to 20 drops of urine. If 
the proportion of indigo be about normal, the resulting color 
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will be rather light yellow j if In excess, the acid will turn violet 
or blue, — the more intense will be the color in proportion to the 
quantity present. If no coloration appear after waiting a minute 
or two, there ia no excess, however deep a color may aubsequently 
appear. 

In addition to those considered, the urin# contains three 
other ethereal sulphates, — viz., creosol-potassiiim snlphate, eate* 
chol- potassium sulphate, and skatoxyl-potassium sulphate. These 
for the most part are present in minute amoimts, and possess the 
same signiBcance as those considered. 

imiNARY PIGMKNTB, 
Normal Urobilin. 

Urobilin Is the chief coloring agent of normal urine, although 
it IB not the exclusive one, as shown by spectroscopic analysis. 
Normal urobilin is a dark-brown, amorphous, rather resinous 
substance, sparingly soluble in water, but readiiy dissolved by 
alcohol, ether, chloroform, acids, and acidulated water, as well as 
by solutions of sodium, potassium, qr ammonium hydroxid. 

The origin of urobilin is still the subject of some difltjrence 
of opinion. Formerly, it was believed that bilirubin, entering 
the intestiuGs with the bile, was acted upon by nascent hydrogen 
resulting from putrefaction, imd as a result it constituted a re- 
duction product, which Maly considered identical with hydro- 
bilirubin. It was also supposed that the pigment of the faeces 
was partly absorbed, carried to the kidneys, and there excreted. 
Hydrobilirnbin, stercobilln, and urobilin were considered identi- 
cal, but spectroscopic examinations prove them to be different. 

McMunn regards the formation of urobilin as the result of 
oxidation processes by means of nascent oxygen, either in the 
intestines or elsewhere, rather than due to reduction processes. 
He bases this view principally on the fact that, by the action of 
hydrogen peroxide on acid htematin, he is able to prepare an 
artificial product, which shows the same spectroscopic ajJijear- 
ances as normal urobilin. The question, then, whether stereo- 
luUn and urobilin are products of reduction or oxidation is still 
unsettled. It is important to remember, however, that urobilin 
may originate either from bile-pigment or from blood -pigment. 
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Certain fiusts point to the inference that stercobilin and uro- 
bilin originate — at least, to a limited extent — independently. 
Thus : 1. In animals with biliary fistula, while no bile enters the 
intestine, yet the urine still contains urobilin. 2. In Copeman 
and Winston's case of biliary fistula, in which no bile had entered 
the intestine, the faeces were uncolored by stercobilin, yet the 
urine still contained urobilin. 3. Some cases recorded by 
Mott would seem to indicate that the formation of urobilin is 
seated in the liver. When destruction of the red corpuscles is 
excessive in the portal circulation, the liver contains an excess 
of iron, and the ferric residue of haemoglobin occurs as urobilin 
in the urine abnormally abundant. 

Urobilin exists in normal urine in small amount, the quantity 
being much increased in acute fevers, — four to five or more times. 
Typhoid and septic fevers, which cause rapid destruction of the 
blood-corpuscles, markedly increase the excretion of urobilin. 
On the other hand, there is diminished excretion of urobilin in 
conditions associated with diminished metamorphosis of red 
blood-corpuscles, as chlorosis and anaemia, in convalescence from 
acute diseases, as well as in hysteria and nervous diseases. It 
is an interesting and highly-important clinical fact that increased 
excretion of urobilin has been observed in intra-cranial haemor- 
rhages, hsemorrhagic infarctions, retro-uterine hsematoceie, and 
extra-uterine pregnancy. 

According to the observations of Lawson, the excretion of 
urinary pigment is much greater in tropical than in temperate 
climates. Thus, assuming the normal unit to be 4.8 in the aver- 
age adult in temperate climates, he found in the tropics that it 
rose to 12 or 14. In pneumonia it has been observed to rise to 
16 and 20 ; in acute rheumatism, from 30 to 32 at the height of 
the disease; in typhoid fever, from 80 to 100; and in a man 
who had inhaleil arsenated hydrogen, from 600 to 800. 

Detection.— Upon rendering the urine alkaline by the addition 
of ammonia, and, after filtering, adding some chloride-of-zinc 
solution to the filtrate, a beautiful green fluorescence may be 
observed by reflected light if urobilin be present. The above 
solution furthermore exhibits, with the spectroscope, a dark 
absorption-band between Fraunhofer's lines b and F. 
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Urokrythryn. 
By some this is considered identical with skatole-pigment, but 
McMonn claims for it certain characteristic reactions. It is 
chiefly this pigment which colors the urates a reddish tint, and 
it may be extracted therefrom by boiling alcohol. This solution 
gives two ill-defined bands before F in Fraunhofer^s scale. In 
the solid state it becomes green with sodium or potassium hy- 
droxid. The origin of uroerythryn in the economy, as well as 
its relationship to urobilin, have not been determined. 

Urochrom. 
This name was first applied b}' Thudicum to the body which 
he considered the chief coloring agent in the urine. Urochrom 
is thought by some to consist of impure urobilin. Certain it is, 
at least, that urochrom contains much urobilin. Urochrom 
occurs in yellow scales, which partly dissolve in water, less solu- 
ble still in alcohol, but soluble in ether and dilute mineral acids 
and alkalies. The aqueous solution becomes dark on standing, 
finally changing to a red color, becoming turbid, and depositing 
resinous flocculi. Urochrom is precipitated from its aqueous 
solution by nitrate of silver as a gelatinous mass soluble in 
nitric acid ; acetate of lead gives a white flocculent precipitate. 
Mercuric nitrate gives a white precipitate, which, on boiling, be- 
comes a pale flesh-color, the supernatant fluid appearing rose- 
red. By oxidation there is first formed from urochrom a red 
substance, which corresponds to uroerythrin, and to which the 
red urine of disease often owes its color. 

Other Organic Constituents of Urine. 

Oxalic Acid (0,11204). — This substance never occurs in the urine in 
a free state, but always in combination with calcium (oxalate of lime), 
which is held in solution by the acid sodium phosphate of the urine. It 
is sometimes absent from the normal urine, though usually present in 
quantity of about 0.1 gramme for twenty-four hours. When present in 
excessive quantities in the urine it is precipitated in the form of oxalate- 
of-calcium crystals. These are distinguished by their form, ^K][uad ratio 
octahedra, with a short principal axis,— often termed "envelope crystals." 
Occasionally dumb-bell forms are seen. The origin of oxalic acid in the 
organism is undetermined ; but a close relationship evidently exists be- 
tween it and uric acid. 

4 
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Succinic Acid (C4H«04) is the third of the series of acids of which 
oxalic acid is the primary. Succinic acid has occasionally been met with 
in the urine, especially after the ingestion of asparagus and asparagin. 

Lactic Acid (C,H«0,). — It is doubtful if lactic acid be present in 
normal urine, but it has been found combined with bases after physio- 
logical disturbances and severe muscular labor. In such cases it oc- 
curs as sarcolactic acid. It has been found in trichinosis, acute yellow 
atrophy of the liyer» cirrhosis of the liyer, diabetes, phosphorus poison- 
ing, rickets, leucocythsemia, osteomalacia, and in animals after extir- 
pation of the liyer. 

Fatiy Acids. — These are present in normal urine, though in mere 
traces,— 0.008 gramme per day. They consist of formic, acetic, butyric, 
and propionic acids. The excretion of fatty acids by the kidneys is in- 
creased during the process of ammoniacal fermentation. Certain febrile 
diseases cause an increase of these bodies in the urine to 0.06 gramme, and 
in certain diseases of the liver the increase reaches from 0.6 to 1 gramme 
per day. These acids apparently exist in the urine in a free state. 

Olycero-pho$phoric Acid (C,H,PO,) occurs in faint traces in normal 
urine, about 15 milligrammes per litre. It is said to be increased in 
nervous disorders and after chloroform narcosis. 

Carbohydrates. — Much discussion has taken place over the ques- 
tion as to whether grape-sugar is a constituent of normal urine. One 
difficulty in determining this point is the fact that the urine contains a 
number of substances which reduce alkaline solutions of cupric oxide 
the chief of these being uric acid, hippuric acid, pyrocatecliin, glycuroDic 
acid, and creatinin. Abeles showed, however, that none of these sub- 
stances undergo alcoholic fermentation with yeast, while this does occur 
with the reducing substance of normal urine. Wedenski, by shaking a 
large quantity of normal urine with benzoic chloride, obtained insoluble 
benzoyl compounds of carbohydrates, which give all the reactions of 
grape-sugar. It may therefore be considered as conclusive, as Brucke 
first affirmed, that minute quantities of sugar exist in normal urine. 

Animal Gum, — This constitutes a product of mucin, and was first 
found in the urine by Landwher ; also in saliva, the synovia, in colloid 
cysts, in chondrin, and in connective tissue. It forms an opalescent 
solution with water ; gives a sticky precipitate with copper sulphate, and 
also with ferric chloride. It is precipitated by alcohol, and does not re 
duce alkaline solutions of cupric salts. It yields oxalic acid upon treat- 
ment with nitric acid, and Isvulic acid after treatment with hydrochloric 
acid, as does vegetable gum. 

Milkiugar occurs in variable quantities in the urine of nursing 
mothers and lesions of the mammary glands. Hofmeister precipitated 
urine with lead acetate and ammonia, filtered, shook the filtrate with 
silver oxide, filtered, decomposed the filti-ate with sulphuretted hydrogen 
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to gel rid of the silver* dUered ; to tbc dual filtrate buHum carbonate was 

added, and the mUture evaporated to dry nets. AlcoUol removed tDilk- 
BUgar from I lie residue, and cLianL^cteristic cryBtala thereof were obtained 
by evtiporaiing off I be alcobol. KaltCDbacli proved that this was milk- 
sugar by further obtaming lljerefrom galactose and mucic acid* 

In&iiU —This subsluncc baa beea found ju normal urine in small 
quantities by ntunerous observers. An increased excretion has been noted 
in Brigbt's disease and in diabetes. It may he detected as follows : 
ScTeml litres of urine, feebly acidified, arc completely prccipLtated with 
acetate of lead and filtered. The filtrate is warmed and precipitated 
wUh basic lead acetate. After standing forty eight hours !he precipitate 
is collected^ washed, suspended in water, and tieated with a stream of 
Btil[>huretted hydrogen ; the lead sulphide is filtered off; uric acid sepa- 
rates from the filtrate after a few hours ; this is also filtered off. The 
solution is then evaporated to a syrupy consistence on a water bath, and 
absolute alcobol added. The precipitate is dissolved in hot watt^r, and 
three or four times the volume of 90 per -cent, alcohol added Ether is 
cautiously added till a permanent cloud appears; the Inoeite crystallines 
out, and may be collected. It will theu give its characteristic tests, as 
foHow^: 1. With a few droj>s of nitric acid ou a platinum diels, treated 
with ammonia and calcium chloride, after evaporating to dryness a 
bright red or violet color apiicars. 2, Adda liiile mereuric nitrate to a 
solution of mosite, on a porcelain capsule, u yellow precipilai© results 
On gently heating, this becomes red ; on cooling, the color vanishes- 
Pro te ids, ty rosin, and sugar must be absent, 

Fkrmektb— /\p«a has been isolated from normal urine by Bnicke, 
Sahli, and others. The morning urine is richest in pepsin. The pepsin 
of urine forms peptone and all intermediate proteoses from fibrin, the 
aame as does pepsin. DiliHion : Small pieces of fibrin are first soaked 
in urine until pepsin is ahsorbed therefronu If then removed to 1 per 
cent hydmcbloric-acid svjlution they are rapidly digested. Control ex- 
periments, with fibrin not soaked in urine, give negative reaulls, 

Pt7i#f*ite.— Holvotschiner has obtained minute quantities of ptyalin 
or a similar diastatjc ferment from urine. 

Rerifiet. — Hclwes and Holvoischiner have both obtained from urine 
traces of a ferment which curdles milk. 

Trjfpsin, —Thh ferment is doubtless absent from normal urine. 
Sah1i alone, of all investigators, claims to have found it; hut bis results are 
considered as due to non- prevention of putrefaction in his experiments^ 

MtJctH. — Tills is the thief constituent of the mucus of normal urine, 
derived from the muciparous gbinds of the urinary passages, hut not 
from the kidneys. In normal urine, mucin occurs in sniall amount ; 
but in catarrhal diseases of the urinary tract it is increased, ofteii 
in abundance. In appearance it is viscid, slimy, and tenacious. 
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Detection : 1. Mucin is precipitated from its solutions by yegetable 
acids, the precipitate being insoluble in excess of the acid. 2. Add to 
one volume of urine three volumes of strong alcohol and let stand for 
several hours. Filter and wash the precipitate with alcohol, and treat 
with warm water. The filtrate containing the mucin is then acidified 
with acetic acid, and if turbidity results it is due to mucin. 

INORGANIC CONSTITUENTS. 

The inorganic constituents of the urine comprise chiefly the 
chlorides, carbonates, sulphates, and phosphates. These occur in 
combination with potassium, ammonium, calcium, and magnesium. 
Small quantities of fluorine, silicic acid, and iron are also present ; 
and free gases, including carbonic acid, nitrogen, and traces of 
oxygen. The total amount of these salts in the urine varies 
from 9 to 25 grammes per day. They are derived from (a) the 
food ingested and (/>) from the metabolic processes or tissue- 
changes ; the latter more especially with regard to the sulphates 
and phosphates. The salts of the blood and those of the urine 
are very similar, save that the blood contains but traces of sul- 
phates, while the urine is rich in these salts. 

The sulphates are derived chiefly from the changes occurring 
in the proteids of the body ; the nitrogenous elements of the 
proteids being excreted as uric acid and urea, while the sulphur 
becomes oxidized, forming sulphuric acid, which appears in the 
urine mostly in combination with metallic bases, but also, to 
some extent, in ethereal combinations with organic radicles, 
making up the ethereal sulphates Just considered. 

CHLoaiDsa 
The chlorides of the urine consist chiefly of chloride of sodium 
with a small amount of chloride of potassium and ammonium. 
The amount of chlorides excreted by the kidneys in the healthy 
adult averages from about 10 to 16 grammes in twentj'-four 
hours, — 6 to 10 grammes of chlorine. The chlorides, therefore, 
next to urea, constitute the principal solid constituent of the 
urine. Chlorine is very widely distributed throughout the 
organism, nearly always in combination with sodium, potassium, 
ammonium, and magnesium. As chloride of sodium it is ex« 
creted with the perspiration, saliva, bile, faeces, and urine. 
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In health the excretion of the chlorides by the kidneys Yariea 
in amount according to the qimlity ami quantity of food ingested. 
Thus, njion a liberal salt diet tbej are largely increaBed; the 
output representiug very closely the amount of chloride of 
sodium taken in* With active exercise there is also increased 
excretion of chlorides by the kidneys, while, on tlie other hand, 
during repose of the body they are diminished. 

Clinically the excretion of chlorides with the urine is dimin- 
ished in all acute febrile conditions, and especially when attended 
hy serous exudations, Asa general rule, in such easea tliere is 
a steady decrease until the crisis of the disease is reached, after 
which they gradually increase. A continued increase of chlorides 
in the urine in febrile states may, therefore, be accepted as an 
evidenct* of improvement In pneumonia tlie chlorides may dis* 
ppear from the urine, and their abseneCf under sneh circnm- 
itaiiees^ always indicates a serious condition of the patient. In 
chronic conditions associated with impaired digestion and 
dropsy tlic chlorides are diminished. In the latter case ranch 
of the chlorides becomes stored up in the dropRical flnid in the 
serous cavities and cellular tissues. The chlorides are excreted 
b}' the kidneys in excess in diul>etes insipidus and m the declin- 
ing stages of dropsy after the establishment of iU uresis. 

Detection. — 1. The urine is treated with nitric acid and a 
solution of nitrate of silver added. A caseous precipitate soluble 
in ainuiouia, insoluble in nitric acid, shows the presence of 
chlorides* 

3. The above test may be mnde available for approximative 
estimation as follows ; A standard solution of nitrute of silver, 
1 to 8 (I drachm to the ounce), is first prepared. Take a glasa 
half full of urine, and add a few drops of nitric acid ; then add 
one or two drops of the stambird solution of silver nitrate, 
and note the changes. If a white, flaky precipitate occur, 
quickly sinking to the bottom of the glass without dilfusmg 
through the urine, the chlorides are undiminished. If a simple 
cloudiness appear* readily diffusinjr throughout the urine without 
the appearance of curdy (lakes, the chlorides are diminished to 
OJ per cent, the normal being 0.5 to 1 per cent. Should no pre- 
cipitate whatever occur, the chlorides are absent. This method, 
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proposed by Uitzmann, is rather obsolete, in view of the rapid 
and accurate results by advanced centriftigal methods. 

Determination. — Mohr^s Method: Prepare the following solu- 
tions: 1. Standard nitrate-of-silver solution: Dissolve 29.075 
grammes of fused nitrate of silver in 1000 cubic centimetres 
(1 litre) of distilled water ; 1 cubic centimetre of this solution is 
equal to 0.01 gramme of sodium chloride. 2. A saturated aque- 
ous solution of neutral potassium chromate. 

Process, — Take 10 cubic centimetres of urine ; dilute with 100 
cubic centimetres of distilled water ; add to this a few drops of 
the potassiuni-chromate solution. Drop into this mixture from 
a burette the standard nitrate-of-silver solution ; the chlorine 
combines with the silver to form silver chloride in the form of 
white precipitate. When all the chlorides are thus precipitated, 
silver chromate (red) appears, though not while any chloride 
remains in solution. The silver nitrate must, therefore, be added 
until a pink tinge ap()ears. Read off the quantity of standard 
solution of silver used, and calculate therefrom the quantity of 
chlorides in the 10 cubic centimetres of urine tested, and from 
this the percentage. 

Corrections, — 1. A high-colored urine may cause difficulty in 
determining the appearance of the pink tinge. This may be ob- 
viated by diluting the urine to a normal color. 2. One cubic 
centimetre should be subtracted from the total number of cubic 
centimetres of the silver-nitrate solution employed, as the urine 
contains small quantities of certain compounds more easily pre- 
cipitable than the chromate. 3. To obviate such errors the fol- 
lowing modification of the test as advised by Sutton is employed : 
Ten cubic centimetres of urine are measured into a thin porcelain 
dish and 1 gramme of pure ammonium nitrate added ; the whole 
is then evaporated to dryness, and gradually heated over a small 
spirit-lamp to low redness till all vapors are dissipated and the 
residue becomes white. It is then dissolved in a small quantity 
of water, and the carbonates produced by combustion of the or- 
ganic matter neutralized by dilute acetic acid ; a few grains of 
pure carbonate of lime are added to remove all free acid, and 
one or two drops of potassium chromate. The mixture is then 
titrated with deci-normal silver solution (16.966 grammes silver 
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nitrate per litre) until the pink color appears* Each cubic centi- 
metre of silver Bolution represents 0.00583T griimme of salt j con- 
sequently^ if 12-5 cubic centimetres have been used, the weight 
of salt in 10 cubic centimetres of urine is 0.07296 gmmme, or 
0,T29G per cent. If 5,9 cubic centimetres of urine are taken for 
titration, the number of cubic centimetres of silver sotution 
used will represent the number of parts of salt per 1000 part a 
of urine. 

Liebif/s method consists in estimating the chlorine with mer- 
curic nitrate, but it sometimes fails unless very accurately 
manipulated, and, moreover, it often gives erroneous results, and 
therefore it is on! 5^ referred to here. 

Volhard and Falck Method . — This method depends upon the 
action of soluble sulphocyanides with solutions of silver and 
ferric salts. Soluble sulphocyauides produce in silver solutions 
a white precipitate similar to silver chloride, which is insoluble 
in dilute nitric acid, A like precipitate of sulphocyanide of sil- 
ver with a solution of nitrate of silver is given by the blood-red 
solution of sulphocyanide of iron, and the color of the latter at 
last completely disappears. If, therefore, a solution of aulplio- 
cyanide of potassium he added to an acid solution of nitrate of 
silver, to which a little ferric sulphate has been added, every drop 
of the sulphocyanide solution at first produces a blood-red cloud, 
which, however, quickly disappears again on stirring, while the 
fluid becomes milk*white. It is not until all the silver is pre- 
cipitated that the red color of the sulphocyanide of iron remains 
permanent, and the end of the process is reached. The reaction 
is one of great delicacy ; so that it is equally sensitive as Mohr*s 
reaction, while it has the advantage over the latter that titration 
can be conducted in acid urine. 

Sot It lion B Jiequired, — L Standard silver Molution is made by 
dissolving 29.0'?5 grammes of pure silver nitrate in water and 
diluting to 1 litre* Each cubic centimetre corresponds to 10 
milligrammes of chloride of sodium or 6.065 milligrammes of 
chlorine. 

2, Solution of Ferric Om<fe. — A cold saturated solution of 
crystallized ferric alum, free from chlorine, or a solution of ferric 
sulphate, which contains 50 grammes of iron oxide to the litre* 
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3. Standard Sulphocyanide-of- Potassium Solution, — Since 
Bulphocyanide of potassium cannot be readily weighed with ac- 
curacy, 10 grammes are dissolved in a litre of water, and this 
solution is standardized by silver solution. Thus 10 cubic cen- 
timetres of the silver solution are measured off, 5 cubic centi- 
metres of the iron solution are added, and then pure nitric acid 
is added drop by drop until the mixture is colorless. If the 
suiphocyanide-of-potassium solution be then allowed to flow into 
it from a burette, each drop at first gives a blood-red color, 
which at once disappears on stirring. When all of the silver is 
precipitated as sulphocj'anide of silver, the next drop of the 
8ulphocyanide-of-potassium solution gives a permanent red color 
to the fluid, indicating the end of the reaction. If, for example, 
to 10 cubic centimetres of the silver solution 9.6 cubic centi- 
metres of the sulphocyanide-of-potassiiim solution have been used 
before the red color is permanent, 960 cubic centimetres are 
measured off, and this is diluted with 40 cubic centimetres of 
water to make a litre. Both solutions must now be equivalent, 
which is to be determined by titration. 

Analysis, — Five or 10 cubic centimetres of the urine, after the 
addition of 1 or 2 grammes of nitrate of potassium free from 
chlorine, are evaporated to dryness on a water-bath. The resi- 
due is then heated over a free flame, at first gently, afterward 
strongly, and a white, fused residue remains. Since the nitrous 
acid formed in this process prevents the end reaction, the fused 
saline mass is dissolved in water, acidulated with nitric acid, and 
then the chlorine is precipitated with an excess of the standard 
silver solution. After this mixture has been warmed on a water- 
bath for a time to completely remove the nitrous acid, it is 
allowed to cool; 5 cubic centimetres of the iron solution are 
added, and then the sulpliocyanide-of-potassium solution, equiva- 
lent in strength to the silver solution, is added while constantly 
stirring until the excess of the silver added is precipitated, which 
is known by the permanent red color of the mixture. The dif- 
ference, then, between the number of cubic centimetres of the 
silver and sulphocyanide solutions corresponds to the chlorine 
contained in the urine. If, for instance, at first 12 cubic centi- 
metres of the silver solution were added to 10 cubic centimetres 
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of uritie, and 4 cubic centi metres of the sulphocyanide solution 
were required to titrate back the excess, the anaouut of chlorine 
in the urine correspoiided to 12 — 4^8 cubic eeutimetres of 
the Bilrer Bohition = 8.0 grammes of sodium chloride or 4.853 
g rammed of chlorine in the litre of urine. 

Phosphates, 

The quantity of phosphoric acid excreted by the kidneys in 
the healthy adult ranges from 2.3 to 3.5 grammes in twenty-foor 
hours, the average beiug about S,8 gmmmes. Ordinary phos- 
phoric acid (HaPO^) is tribasic^ containing 3 atoms of hydrogen, 
which may be replaced by a metal. In the urine phosphoric acid 
occurs in combination, in part with the alkaline earths — earthy 
phosphates^ and in part with the alkalies — alkaline jyhosphates. 
The earthy phonphates are insoluljle in watfer, but soluble in 
acids, and consist of phosphates of calcium and magnesium. 
The calcium phosphates are most abundant ; those of potassium 
scanty. Tbey exist in the urine in quantity of about 1 to 1,5 
grammes in twenty-four hours' excretion,— the relative proportion 
being ealcinm phosphate about 33» and magnesium phosphate 
about 67. In acid urine the earthy phosphates are in solution, 
while in alkaline urine they are precipitated and form a sedi- 
ment more marked if heat be applied. If, therefore, an alkaline 
urine is heated in a test-tube, a precipitate forms, which may be 
mistaken for albumin. It may, however, be distinguished from 
the albuminous reaction hj slight acidification, which readily 
dissolves the earthy phosphates. This is a frequent source of 
error in testing for albumin in the urine by means of heat. If 
the acid magnesium phosphate he acted upon by ammonia the 
ammonio-magnesium phosphate is formed, — triple phosphate* 
This appears in tlie urine as fern-leaf or snow-flake crystals, or, 
after long standing, in the form of prismatic or '* colhn-iid " 
sha[K?d crystals. If urine decompose in the bladder through 
retention and consequent fermentative changes, ammonia is 
liberated from ti»e urea, and the free ammonia unites with the 
acid magnesium phosphates to form the triple-phospbatic crys- 
tals so characteristic of chronic cystitis. 

The alkaline phosphates of the urine consist of the acid 
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phosphate of sodinm and the phosphate of potassium, that of 
sodium being most abundant and the potassium phosphate 
scanty. These (unlike the earthy phosphates) are readily 
soluble in water and alkaline fluids. The alkaline phosphates 
form the chief bulk of the phosphates of the urine, ranging from 
2.0 to 4.0 grammes in twenty-four hours. As already noted, the 
acidity of normal urine depends upon its contained acid sodium 
phosphate, and not upon the presence of a free acid. 

In the blood the alkaline phosphates exist as neutral sodium 
and potassium phosphates ; but, as Ralfe has shown,^ these are 
changed into acid salts through a decomposition effected by the 
act of seci*etion, in which the bicarbonates and neutral phos- 
phates in the blood are changed into carbonates and acid phos- 
phates, respectively. The acid salts, in obedience to the law of 
diflusion, pass out in the urine, whilst the carbonates remain in 
the circulation. The excretion of the alkaline phosphates by the 
kidneys varies in health according to the quality of food ingested, 
being in excess upon an animal diet. 

The phosphoric acid of the urine is derived in part from the 
food and in part from the decomposition of lecithin and nuclein. 
The excretion of phosphoric acid by the kidneys varies with the 
amount of food taken ; after the midday meal, especially if much 
meat be eaten, it rises, and reaches its maximum in the evening ; 
it falls during the night, reaching its minimum about midday. 

Clinically y the excretion of phosphoric acid by the kidneys 
is diminished in gout, in most acute diseases, in kidney lesions, 
in the intervals of intermittent fever, and during pregnancy. 
The author regards the diminution of phosphoric-acid excretion 
b}' the kidneys almost as constant a feature of the urine in 
Bright's disease and allied lesions of the kidneys as the presence 
in the urine of albumin. 

An increased excretion of earthy phosphates accompanies 
diffuse diseases of the bones, — osteomalacia, rickets, etc. ; also in 
diflfuse periostitis and diseases of the nerve-centres. 

A condition of so-called phosphatic diabetes has been de- 
scribed by Tessier and confirmed by Ralfe and others, in which 
there is a continued excessive excretion of phosphates by the 
^ Lancet, July, 1874. 
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kidireye, attended by syinptoms somewlmt like duLbetes, — loss of 
tlestj ; acUiag pains in tbe lower back and i>elvic region ; dry, 
harali skin ; tendency to boils, with morbid appetite, etc. 

Detection. — ^1. Tbe earthy phosphates may be detected by 
rendering tbe urine strongly alkaline witb sodium or potassium 
Uydrate, or fiiuinonia, and gently Ueatingi which cause their 
precipitation iu the form of a whitish cloud, that shortly alter 
settles to the bottom of tbe test-glass. The precipitate is dis- 
sol veil upon tbe addition of acetic acid, 

2. Ultzniann suggests an approximative method with this test^ 
as fijllowa: A test-tube 2 centimetres (0.787 inch) wide is filled 
with tbe urine to the depth of 5.33 centimetres (2.997 inches) /to 
which are added a few drops of strong ammonia or potasaiitm- 
hydmte solution, and warmed over a spirit-lamp until the cartb_v 
phosphates separate. After stfindiiig fifteen minutes tbe depth 
of the sediment is measured. If the layer be 1 centimetre {0.3937 
inch) high^the earthy phosphates are present in normal amount; 
if 2 or 3 centimetres in depth tkey are increased j but if the 
sediment be only a line or so in depth, they are diminished. 

The Altaline Phoi^phates.^^l. First rerao%'e the earthy phos- 
phates by precipitation witli potassium hydrate or ammonia and 
filter them off. Next add to tbe urine one-third of its volume 
of magnesinm fluid.* The alkaline phosphates are all precipi- 
tated in the form of a snowy deposit, 

2. The above test may be made useful for approximative 
estimation, as Ultzmann suggests, in the following manner: To 
10 cubic centimetres of the urine add a third part (say, 3 cubic 
centimetres) of magnesinm mixture. There is formed a precipi- 
tate of crystalline ammonium-magnesium phosphate, with which 
comes down an amorphous mass of enlcium phosphates. If 
there ensue through the entire fluid a milky turbidity, the alka- 
line phosphates are in normal amount^ if we have a copious 
precipitate, which gives the fluid the appearauce of cream, 
then there is great increase ; if the fluid remain tran?^parentj or 
only slight turbidity ensue, we have a decrease of the alkaline 
phosphates. 

* Magnttmmjftdd cotiti.itit^oT mas^t'v.^tim palphale and rnninonJum chloride, 
i«£b 1 pETt } dlfltilled welter, 8 |mf U ; and pure ammoula-waler, I part. 
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Determination of Total Phoaphorio Acid. — The following solu- 
tions are necessary : — 

1. A standard solution of uranium nitrate is prepared, con- 
sisting of 20.3 grammes pure uranic oxide in 1000 cubic centi- 
metres of distilled water ; 1 cubic centimetre corresponds to 5 
milligrammes of phosphoric acid. 

2. Sodium-acetate solution : 100 grammes of sodium acetate 
are dissolved in 900 cubic centimetres of distilled water, and to 
this 100 cubic centimetres of acetic acid are added. 

8. Saturated solution of potassium ferroc^^anide. 

Analysis, — Fifty cubic centimetres of the urine are poured 
into a beaker, and 5 cubic centimetres of sodium-acetate solu- 
tion are added. The mixture is warmed over a water-bath and 
the uranium solution added, drop by drop, as long as a precipi- 
tate falls. If this be not easily recognized, the mixture should 
be stirred, a drop place<l u[M>n a porcelain plate, and a drop of 
potassium ferrocyanide added. If a reddish-brown color do not 
appear at the line of contact, the addition of uranium solution 
should be continued, the beaker-glass being again waimed. The 
limit of reaction occurs when all the phosphoric acid has been 
precipitated by the uranium solution. After this is reached, the 
next drop of uranium solution, finding no phosphoric acid, 
forms a reddish-brown precipitate with potassium-ferrocyanide 
solution. The quantity of uranium solution used is next read 
off, each cubic centimetre being equal to 5 milligrammes phos- 
phoric acid, from which can be readily calculated the percentage 
amount in the urine. 

Estimation of Phosphoric Acid Combined with Calcium and 
Magnesium. — To determine the phosphoric acid in combination 
with the alkaline earths, 200 cubic centimetres of urine are pre- 
cipitated with ammonia, collected after twelve hours on a filter, 
and washed with ammonia-water (1 to 3). The filter is then 
pierced at the point, and the precipitate washed down with a 
stream of water into a beaker, and dissolved while warm with as 
little acetic acid as possible. Add 5 cubic centimetres of sodium- 
acetate solution, dilute to 50 cubic centimetres, and proceed as in 
preceding analysis. The difference between the total amount of 
phosphoric acid and that in combination with the alkaline earths 
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represents the quantity coinbined with the alkalies, — alkaline 
phosphates* 

Sulphates. 

The ftiilphates in the urine are of two kinds (1) ordinary 

neutral sulphates of soiiiuin and potassium, and (2) the ethereal 
sulphatea. Siiiee the sodium salts predomiuate in the t^conomy, 
tlie sidphate of smlium occurs in the urine in greater quantity 
than the potassinm sulphate. The quantity of sulphates ex- 
crvted by the kidneys in the healthy adult raries from L5 to 
3 grammes per day. The sulphates^ being extremely soluble 
compounds, are, therefore, never met witb in the urine in the 
form of deposits. 

An increased excretion of sulpbates by the kidneys occurs 
after the tngeetiou of sulphuric acid or its salts, upon active ex- 
ercise, upon an exclusive meat diet^ and inhalations of oxygen- 
gas. Clinicaliy an increase occurs in acute fevers, with in- 
creased urea secretion. The most marked increase is noted in 
meningitis, encephalitis, and rheumatism. In general, it may be 
accepted that the excretion of urinary sulphates runs parallel in 
quantity to that of urea. 

Detection, — K To 10 cubic centimetres of urine add a few 
drops of hydrochloric acid, then add about 3 cubic centimetres of 
bariiim-chloride solution ; a white, milky precipitate is formed of 
sulphate of barium* 

2. More simply still, to 10 cubic centimetres of urine in a 
test-tube add oue'third the volume of acidulated barium-chloride 
solution,* when a white, milky precipitate at once appears in the 
presence of sulphates. 

3. Approximate estimation may be made by the above as fol- 
lows r If a simple, opaque, milky turbidity result, the sulphates 
are present in about the normal amount; if more opaque, pos- 
sessing the appearance of cream, the sulphntes are excessive; if 
but a light translucent cloudiness result, the sulphates are 
diminifihed. 

Determination,~(i3) The volnmetric method is conducted by 
adding to a given volume of urine a standard solution of barium 
chloride as long as precipitation occurs. 
' Barium eblorlde, i pttrti ; lefd bjdniclilortop 1 part ; di£tlil«d water, 10 parU. 
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Solutions Required. — 1. A standard chloride-of-barium solu- 
tion : 30.5 grammes of crystallized barium chloride to 1000 cubic 
centimetres of distilled water ; 1 cubic centimetre of this solution 
corresponds to 0.01 gramme of sulphuric acid. 

2. Solution of potassium sulphate, 20 per cent. 

3. Pure liydrochloric acid. 

Analysis. — One hundred cubic centimetres of urine are ren- 
dered acid by 5 cubic centimetres of hydrochloric acid, and 
brought to boiling in a flask. The combined sulphates are thus 
converted into ordinary sulphates, and give a precipitate simi- 
larly with barium chloride. The chloride-of-barium solution is 
allowed to drop into the mixture as long as any precipitate oc- 
curs, the mixture being heated before each addition of barium 
chloride thereto. After adding 5 to 8 cubic centimetres of the 
standard solution, allow the precipitate to settle ; pipette off a 
few drops of the clear, supernatant fluid into a watch-glass ; add 
to it a few drops of the standard barium solution. If any pre- 
cipitate occur, return the whole to the flask and add more barium 
chloride ; again allow the precipitate to settle and test as before ; 
continue thus until no more precipitate is formed oathe addition 
of barium-chloride solution. 

Excess of barium chloride should be avoided ; when only a 
trace of excess is present, a drop of the clear fluid removed 
from the flask gives a cloudiness with a drop of potassium- 
sulphate solution placed on a glass plate over a black ground. 
If more than a cloudiness api:>ear, too large a quantity of 
barium chloride has been added, and the analysis must be 
repeated. 

From the quantity of barium chloride used, the percentage 
of sulphuric acid in the urine is calculated, — 1 cubic centi- 
metre of barium-chloride solution corresponding to 0.01 gramme 
of SO3. 

(6) Oravimetric determination is best conducted as suggested 
by Salkowski. This consists in washing the precipitate of barium 
sulphate obtained by adding barium chloride to a known volume 
of urine; 100 parts of sulphate of barium correspond with 34.33 
parts of sulphuric acid (SO3). 

Analysis. — One hundred cubic centimetres of urine are taken 
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|j|& beiiker; tkis is acid tiled with 5 ciihic centinietrt-s of hjdro- 
diiloi ic acid, Cljloridc of barium b udded till no more precipita- 
tion occurs. The precipitate is collected on a small filter of known 
ash, and wasUed with hot distilled water till no more barium 
chbride occurs in the filtrate; t\e., until the filtrate remains clear 
after the addition of a few drops of sulphuric add. Then wasli 
with hot alcohol, and afterward with ether. Remove the filter 
and incinerate with ha contents in a pbtinum crneible. Cool 
over sulphuric acid in an exsiccator; weigh, and deduct the 
freight of the crucible and filter ash ; the remainder is the weight 
of barium sulphate formed, from whieh the SO 3 is readily calcu- 
lated, — 100 parts of barium sulphate corresponding with 34,33 
parts of 8O3. 

Correction. — As carried out above, a slight error occurs in 
the analysis from the furmation of a small quantity of suljihide 
ol' barium. Correct as follows: After the platinum erncible has 
cooled add a few drops of pure sulphuric acid (H^SO^). The 
sulphide is converted into sulphate. Heat again to redness and 
drive otV the excess of sulphuric acid* 

(c) Salkowski's method of estimating the combined sulphuric 
acid — i^e,^ the amount of SO3 in ethereal svdphates — is as follows : 
100 cubic centimetres of urine arc mixed with 100 cubic centi- 
metres of an alkaline bariunvchlonde solution, which is a mixture 
of two volumes of solution of barium hydrate with one of barium 
chloride, both saturated in the cold. The mixture is stirred, and 
after a few minutes filtered ; 100 ctibic centimetres of the filtrate 
(^50 cubic centimetres of the urine) are acidified with 10 cubic 
centimetres of hydrochloric acid, boiled, kept at 100^ C, on a 
watei^bath for an hour, and then allowed to stand till the pre- 
cipitate has com|:*letely settled j if possible, it should be thus 
left for twenty- four hours. The further treatment of this pre- 
cipitate (^combine<l sulphates) is then carried out as in the 
last case [see (6)]. 

Culeuiaiions.^^lwo hundred and thirty-three parts of barium 
sulphate correspond to OS parts of II , SO ^, 80 parts of SO 3, or 
32 parts of S. To calculate the HsSO^, mnltipiy the weight of 
barium sulphate by /^^ ^ 0.4206 ; to calculate the SOg, multiply 
by /s% = 0,34335 j to calculate the S» multiply by ^3^ =^0.13734, 
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This method of calculation applies to the gravimetric estimation 
both of total sulphates and of combined sulphates. 

(d) To obtain the amount of preformed sulphuric acid, sub- 
tract the amount of combined SO 3 from the total amount of 
SOg. The difference is the preformed SO 3. 

Example, — One hundred cubic centimetres of urine gave 0.5 
gramme of total barium sulphate; tliis multiplied b}' ^^ ^0.171 
gramme = total SO3. Another 100 cubic centimetres of the 
same urine gave 0.05 gramme of barium sulphate from ethereal 
sulphates; this multiplied by ,^3^3=0.017 gramme of combined 
SO,. Total SO3 — combined SO3 =0.171 — 0.071 = 0.157 
gramme of preformed SO 3. 

Carbonates. 

Carbonate and bicarbonate of sodium, ammonium, calcium, 
and magnesium are present in minute quantities in fresh urine 
of alkaline reaction. The ammonium carbonate may be found in 
large quantity as a result of alkaline decomposition of the 
urine. The carbonates of the urine are derived from the food, 
from lactic, malic, tartaric, succinic, and other vegetable acids in 
the food. If the urine contain much carbonates when voided it 
is turbid, or soon becomes so upon standing, and upon sedimen- 
tation the precipitate is that of calcium carbonate usually asso- 
ciated with pliosphates. Carbonate of calcium constitutes the 
basis of urinar}' calculus of great rarity in the human subject, 
very frequent, however, in hei4)ivora. 

Detection. — The presence of carbonates in the urine may be 
revealed by the evolution of colorless gas, upon the addition of 
acid, and this gas renders baryta-water turbid. 

Determination. — The following method of Marcliand may be 
employed for estimating the free carbonic acid of the urine : 
One hundred cubic centimetres of urine are placed in a glass 
flask, closely fltted with a doubly-perforated cork. Through one 
opening a tube is passed, which dips into the urine, and at the 
other end is connected with a tube containing some quicklime. 
Tlirough the other opening in the cork one arm of a doubly-bent 
tube is passed ; this arm does not dip into the urine. The other 
arm is introduced into an empty flask through a tightly-fltting 



NOEMAL CONSTITUENTS OF UEINK. 



ea 



cork. This flask is connected by & similar tube with a second 
flask tilled wit!i clear baryta- water, and thia with a third and 
fourth filled with barjta-waten 

The urine is heated to 100^ C. over a water-hath; any por- 
tions boiling over go into the empty flask. The carbonic acid 
comes off and forma a white precipitate of barium carbonate in 
the flnsks filled with baryta- water. Air is then drawn through 
the apparatus, any carbonic acid m the atmosphere being 
removed by the quicklime- The carbonate of barium formed is 
collected on a filter, washed with diatilled water, dissolved in 
hydrocliloric acid, precipitated again by aulphnric acid, and 
weighed as barium sulphate. From the quantity thus obtained 
the amount of carbonic acid in the urine can be calculated : 
196.65 parts of barium carbonate correspond to S32.62 parts of 
barium sulphate and 44 parts of carbonic acid. 

(b) The total carbonic add may be similarly estimated after 
strongly acidifying the urine with hydrochloric acid, 

Tbe combwed carbonic ncid is the difference between the total 
and the f^ee carbonic acid* 



OtUEtt Inomjahic Conbtituents, 

Ir^n occurs in ibe urine in smnll quftatities, but its ccmbinatjon is 
yet unknown. Free ammonia occurs in traces^ greatly increased fn 
putrcfartive cliangcs of the uHne. H^drogfu dioj^tdf wiis flrsl shown 
in the urine hy Schimhcn. It exiate in small amount, and, so fur as 
known, ii w ilium t ftjiccinl j^fEfniflcation. It Ib detected by tetra paper, 
which, if imniersed in its i«oliit»oni will show the presence of oztmo hy 
taking a blue color> S Dilute i(ulij»o solution is bleached by dtoxide of 
hydrogen in the presence of iron -sulphate fioluiion. 

GAilB.— The uriDe containi tmall quantities of gate». Carbon 
dioxide, 4 to 9 volumes free gas ; 3 to 5 combined. Oxjfgen, 0.2 to 0,6 
Tolume ; and nitrogen, 0.7 to 0.S volume. The gases of the urine may 
be withdrawn by the arr-pump. 

CENTRIFUGAL ANALYSIB, 

With the first edition of tbit work the author introduced his 
method of centrifugal analystfl for tbe ready approximate deter- 
ntiiiBtioii of bulk percentagea of eUlorides^ pbospliates, sulphates^ 
and alhumin in the urine. Nothing was claimed for this metbotl 
at that time further than rapid approximate bulk measurement 
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of these sediments, because the method was then new and un- 
tried, save in the author's hiborator}', and it seemed a ra'icnl 
departure from methods l)etter known and considered more 
accurate, such as titration, weigliing, etc. Moreover, only i>ulk 
percentages had tiien been worked out without any attempt hav- 
ing been made to give corresponding gravimetric values, nnich 
less corresponding values in CI., PjOg, and SO3 from the bulk 
percentages of these combined as salts in the sediment. Since 
its introduction, however, it has been demonstrated in the au- 
thor's laboratory that centrifngal analysis of the urine, if car- 
ried out by refined methods and improved apparatus, may readily 
reach results that are entitled to rank with the older standard 
methods, the gravimetric and volumetric included; that bulk 
percentages of sediments may be worked out in their equivalent 
values of their elements, not only with precision, but also with 
a rapidity and facility that at once renders this method of the 
greatest practical value in clinical work. 

The essentials for securing accurate results in centrifugal 
analysis of urine are in no way complex or dittlcnlt of compre- 
hension, much less to put into practice in the most ordinary 
laboratory. The equipment consists of an eflicient motor, capable 
of the standard speed, possessing a standard radius of arm and 
tube (Gj inches) accuratel3'-graduated percentage tul>es, and a 
gauge to regulate the speed. The author's improvtd electric 
motor (described in full at page 149) fulfills all re(iuiremen(s for 
accurate work. Very recently a further improvement in tiie 
author's percentage tubes has been adopted as follows: The 
points have been drawn out finer, and the first 5 cubic centi- 
metres have been more minutely graduated so as to indicate 
measurements in 0.25 per cent. (^ percentages) instead of 1 per 
cent, (one per cent.) as before.* 

For the determination of chlorides, phosphates, and sulphates 
in the urine by the centrifugal method, tiie following standard 
and tables are now adopted in the author's laborator}'. 

For determination of albumin see page 80. 

Process, — The double arm of the motor is employed, carrying 

* MesBre. Eiiner & Amend, of 2().5 and 211 Third Avenue, New York, manu- 
facture and supply the author's improved stuudard percentage tubes. 



TABLE 

For CHL0EIDE8 IX THE Urine, 

showing the bulk percentages of silver chloride ( Af;Cl) and the corroapond- 

ing gravimetric percentages and grains ]ht fluidounce of 

sodium chloride (NaCl) and chlorine (CI). 



Bulk 
Pku- 

CENT- 
A«CL. 


Per- 
cent 

AOE, 

NaCl 


Gr. 

PER 

Oz., 
NaCl. 


Per. 

CENT- 
AGE, 
CL. 


Or. 

PKR 
OZ.. 
CL. 


BlTLK 

Pku- 

CKNT- 
AOROF 
AOCL. 


I'ER- 
CKNT- 
AOE, 

NaCl. 


<lR. 
PKR 

Oz., 
NaCl. 


Per- 

CKNT 
AOK, 
CL. 


Ok. 

PKK 
Oz., 
Cl. 


i 


0.03 


0.15 


0.02 


0.1 


8 


1.04 


4.98 


0.63 


3.02 


i 


0.07 


0.31 


0.04 


0.19 


8} 


1.1 


5.29 


0.67 


3.-22 


i 


0.1 


0.47 


0.06 


0.28 1 


9 


1.17 


5.6 


0.71 


3.4 


1 


0.13 


0.62 


0.08 


0.38 1 


9i 


1.23 


5.91 


0.75 


3.6 


1} 


O.IG 


0.78 


0.1 


0.48 1 


10 


1.3 


6.2:> 


0.79 


3.79 


li 


0.19 


0.93 


0.12 


0.57 1 


lOj 


1.36 


6.53 


0.83 


3.97 


ll 


0.23 


1.09 


0.14 


0.66 ' 


11 


1.43 


6.84 


0.87 


4.16 


2 


0.20 


1.24 


0.16 


0.76 


llj 


1.49 


7.2 


0.91 


4.:r) 


2} 


0.29 


1.41 


0.18 


0.a5 ' 


12 


1.56 


7.46 


0.95 


4.54 


8i 


0.32 


1.56 


0.2 


0.96 1 


12J 


1.62 


7.78 


0.99 


4.73 


2} 


0.36 


1.71 


0.22 


1.04 1 


13 


1.69 


8.09 


1.02 


4.9-> 


3 


0.39 


1.87 


0.24 


1.13 ■ 


13A 


1.75 


8.4 


1.06 


5.11 


3i 


0.42 


2.02 


0.26 


1.23 


14 


1.H2 


8.71 


1.1 


5.29 


3i 


0.45 


2.18 


0.28 


1.32 ! 


14J 


1.88 


9.02 


1.14 


5. 19 


3} 


0.49 


2.35 


0.3 


1.42 ' 


15 


1.94 


9.33 


1.18 


5.67 


4 


0.52 


2.49 


0.32 


1.51 ! 


15J 


2.01 


9.a5 


1.22 


5.WJ 


n 


0.55 


2.64 


0.34 


1.61 


16 


2.07 


9.94 


1.26 


GM 


4J 


0.58 


2.8 


0.35 


1.7 ! 


16J 


2.14 


10.27 


1.3 


6.24 


4J 


0.62 


2.96 


0.37 


1.8 \ 


17 


2.2 


10.51 


1.3^1 


6.43 


5 


0.65 


3.11 


0.39 


1.89 


nj 


2.27 


10.87 


1.38 


6.62 


6i 


0.71 


3.42 


0.43 


2.09 


1 '' 


2.33 


11.2 


1.42 


6.81 


6 


0.78 


3.ri 


0.47 


2.27 


1 18} 


2.4 


11.51 


1.46 


7. 


«i 


0.84 


4.05 


0.51 


2.46 


1 19 


2.46 


11.82 


1.5 


7.19 


7 


0.91 


4.35 


0.55 


2.62 


■ 19} 


2.53 


12.13 


1.54 


7.38 


7i 


0.97 


4.67 


0.59 


2.84 


: 20 


2.59 


12.44 


1.58 


7.56 
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TABLE 

Fob Phosphates in the Ubine, 

showing the bnlk peroentages of uraDjl phonphate (H[U0JP04) and the 

corresponding gravimetric percentages and grains per 

onnce of phosphoric acid (PgOs). 



Bulk Pkr- 


Pkrcknt- 


Or. pkr 


Bulk Per- 


Pbrcent- 


Or. psb 


OBNTAOB OF 


AOB, 


Oz.. 


CBNTAOB OP 


AOB, 


Oz., 


H(U0,)P04. 


P.O.. 


P.O.. 


H(U0,)P04. 


P.O.. 


P.O.. 


i 


0.02 


0.1 


11 


0.14 


0.67 


1 


0.04 


0.19 


12 


0.15 


0.72 


li 


0.045 


0.22 


13 


0.16 


0.77 


2 


0.05 


0.24 


14 


0.17 


0.82 


2i 


0.055 


0.26 


15 


0.18 


0.86 


3 


0.06 


0.29 


16 


0.19 


0.91 


3i 


0.065 


0.31 


17 


0.2 


0.96 


4 


0.07 


0.34 


18 


0.21 


1. 


4i 


0.075 


0.36 


19 


0.22 


1.06 


6 


0.08 


0.38 


20 


0.23 


1.1 


6 


0.09 


0.43 


21 


0.24 


1.15 


7 


0.1 


0.48 


22 


0.25 


1.2 


8 


0.11 


0.53 


23 


0.26 


1.25 


9 


0.12 


0.58 


24 


0.27 


1.3 


10 


0.13 


0.62 


25 


0.28 


1.35 



TABLE 
Fob Sulphates in the Ubine, 
showing the bnlk percentages of barinm sulphate (BaSO^) and t^e corre- 
sponding gravimetric percentages and grains per 
flaidonnce of snlphnric acid (SO,). 



Bulk Pbr- 
cbntaobop 

KAH04. 


Pkrcknt- 

AGE. HO,. 


Or. per 
Oz., 80,. 


Bulk Pbr- 

CBNTAGEOP 

BA804. 


Percent- 
age, 80,. 


GR. PER 

OZ., SO,. 






0.04 


0.19 


n 


0.55 


2.64 






0.07 


0.34 


2I 


0.61 


2.93 






0.1 


0.48 


2I 


0.67 


3.22 






0.13 


0.63 


3 


0.73 


3.5 






0.16 


0.77 


3 


0.79 


3.79 






0.19 


0.91 


3 


0.85 


4.08 




0.22 


1.06 


3 


0.91 


4.37 


1 


0.25 


1.1 


4 


0.97 


4.66 


1 


0.31 


1.49 


4 


1.03 


4.94 


1 


0.37 


1.78 


4 


1.09 


5.23 


1 


0.43 


2.06 


4 


1.15 


6.59 


2 


0.49 


2.35 


6 


1.21 


5.91 
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flOBMAL OON&TITUBNTS OF ITEINB. 

four tubes. Three percentage tubes are filled to the lO-cubio- 
ct^u timet re mark with the urine (tbe uriije liiiriDg been iireviously 
tiUeret! if not perfectly clear). To the first tnhe is nddetl 1 cubic 
eentimetre of strong nitric acul ainl 4 cubic centimetres of stand* 
nrd solution of silver nitmte.^ To tbe second tube is added 2 
cubic centimetres of 50-|»er-C!ent. noetic ncid and 3 enbic ceuti- 
nietreaof uranium-nitrate solution (5 per cent.). To the tliird tulw 
is nddeil 5 cubic centimetres of tbe etiindurd bnriuni-chlarjdc niixt- 
ure<' Tbe tubes are %%BKt i aver ted three times to insure nungUng 
of tlie urine and reagents and then allowed io ^taudfor three (d) 
minutes to secure complete precipitation. In order to balance the 
ariu of the motor^the fourth tube Is filled to the 15-cubic-eeiiti metre 
mark with water. Tbe centrifugal is next operated at a speed 
of 1200 revolutions per minute for three (3) minutes. Tbe tubes 
are then removed and tbe percentages of precipitfUes are read 
off on tbe scale. No. 1 gives the bulk percentage of silver cblo- 
ride (AgCt), No, 2 tbe bulk percentage of uranjl phosphate 
(H[irOj]P04), and No. 3 the percentage of barium sulphate 
(BaSO^). The bulk percentages are converted into their 
equivalent values in gravimetrio percentages by mi^uns of tbe 
subjoined tables, and from these the grains or grain mes of total 
chlorine (CI), phospboric acid (P^Ofl),and sulphuric acid (SO^) 
are readily calculated by a glance at the tables. The results are 
niore accurate if the urine be diluted in the cases of chlorides 
and phosphates if the bulk percentage of these exceed 15 per 
cent* The time required to carry out these quantitative deter- 
minations should not exceed ten minutes. As a rule, the more 
rapid and ready processes in uranalysie are comparatively few, 
and^ for the most part, limited to qualitative rather than to quan- 
titative <lata. The author, therefore, hopes that tbe above con* 
trlbution of centrifugal analysis to our resources, which be has 
worked out with great care and pains, will prove of equal 
value to others in practical urinary work to that found in bis 
own laboratory* Indeed, tbe amount of practical information 



*■ Staadafd Dllr&tfr«r-«l]?er ioluiioD cou^btA or itlvet- uttrate, 3j ; dlitlUed 
wat^r, Jj. 

* SliindftTd bsHutn-chlortde inl^cture cDnsUtfl of b«HutD cblorlde, 4 p«rli ; 
■trOD^ hydrocUlorlc icW^ I p^rt ; dlatlUed waiter, 10 parts. 
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tliat this method is c:ipable of In^Mng before tlie clinician with- 
out loss of time cannot fail to prove of inestimuhle value in 
practiciil work. Thus, the time required to ctirry out tht?se 
quantitative determinations centrifugally as described above 
should not exceed ten minutes. It has, indeed, been rei)entedly 
demonstrated in the author's laboratory that the use of modern 
centrifugal methods has made it possible to make a fairly com- 
plete anal^'sis of urine, both qualitative and quantitative, in 
irom twenty minutes to half an hour which forraeriy required 
twenty -four hours' time. 



SECTION III. 

ABNORMAL URINE. 

Proteids. 

The four proteids of the Mood — viz., soruin-albnmin, serum- 
globulin, libriii, and IiaMiioglobin — are met with in tlie urine in 
various pathological conditions of the kidneys, the blood, or the 
system at large. Other proteids are sometimes met with in the 
urine which do not exist in the blood, such as egg-albumen upon 
the liberal ingestion of eggs as food, and. under certain con- 
ditions, also peptone. Finally, certain i)roteoscs are met with in 
the urine in pathological conditions, the more prominent of which 
are pro-idbumose, deutero-albumose, and hetero-albumose. 

Albuminuria. 

The chief clinical interest with regard to proteids in the urine 
will probably always centre about serum-albumin. While albu- 
min is doubtless the most common of all the constituents of mor- 
bid urine, it still remains a debated question if it be present in 
the urine in health. No doubts can further exist that the urine 
occasionally contains a variable — usually small — but distinct 
amount of albumin when the kidneys present no appreciable 
alterations of structure; but, as will be shown, albuminuria 
often arises from causes aside from the kidneys themselves. 
Albuminuria, therefore, cannot be proved to be a condition of 
health, so long as the kidneys alone are considered ; yet, the ab- 
sence of renal lesions would seem to be the chief, if not indeed 
the only, condition sought to be established by many advocates 
of a so-called physiological albuminuria. 

Albumin belongs to the class of colloids which do not crys- 
tallize, and under ordinary conditions do not penetrate animal 
membranes ; but alterations from the normal conditions, as in the 
integrity of the basement membrane, in the quality of the albu- 
min itself, or in the pressure to which they are both subjected, 

(67) 
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may result in transudation. It is altogether probable that most 
forms of albuminuria are referable to causes corresponding to 
one or more of the above-named conditions. In other words, al- 
buminuria may be due (1) to changes in the kidney's themselves, 
which impair the integrity of the structures between the vessels 
and the excretory channels of the orgiins; (2) alterations in the 
quality of the blood which render its serum-albumin more difi'u- 
Bible ; (3) alterations in the degree of blood-pressure. Albumi- 
nuria may depend upon one or, indeed, all three of the above con* 
ditions. 

Clinical Significance. — 1. The more common form of albu- 
minuria, as well as the most serious in its clinical significance, is 
that depending upon pathological conditions of the kidneys. The 
most frequent of these are inflammatory and degenerative changes 
in the renal structure, and include the whole class of disorders 
commonly grouped together under the term of Bright 's disease. 

It is impossible always to estimate the gravity or progress of 
renal changes by the quantity of albumin present in the urine. 
Sometimes, however, as in acute inflammatory conditions, when 
the amount of albumin ranges high, — 1 per cent, by actual weight 
or more, — the quantity may be taken as a rough gauge of the ex- 
tent of the lesions as well as the progress of the same from day 
to day. The same may be said of certain degenerative changes 
in the kidneys, notably of amyloid disease. This, however, by 
no means applies to all diseases of the kidneys, for, indeed, in 
certain renal diseases of the most serious character, — interstitial 
nephritis^ — not only is the quantity of albumin in the urine 
usually small, but it is often temporarily absent and even, occa- 
sionally, throughout. The quantity of albumin in the urine, 
therefore, is not a safe guide as to the gravity of the situation in 
diseases of the kidneys, especially in cases attended by moderate 
or even very slight grades of albuminuria. 

2. The second class of albuminurias depend upon changes in 
the constitution of the blood, which so alters the diflfusibility of 
its albumin as to permit it to pass into the renal tubules. The 
hsemotogenic causes of albuminuria have been most ably ex- 
pounded by Semola, and, although he probably claims too wide 
a range for these causes, there remains no just reason to doubt 
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their existence. We often meet with bik'U ftlbiimjiuiria in an^mia^ 
and in atrumoua and enfeebled individuals, whiju no legions of 
the kidneys vmi he inndc out. TLc etlei't of certain poiaona upon 
the blocnl probably so alters that ikiid as to j permit of tran* 
eudatiun of its albumin into the renal tubules* The etteota, also, 
of some inftictious fevera — nuero-organisti*s in the blood— no 
doul;t seriously alters the constitution of the circulating fluid, 
so that transudation of aibumiii ig the rule^ while the kidueys do 
not always become damaged. 

3* The third form, disturbances of tlie circulation, may Imng 
aliout albuminuria without iuducing structural changes In the 
kidneys, provided they be not too long continued. Circulatory 
disturbances, in order to induce albuminuria^ must include the 
renal vessels. In nature tbey must consi.^t of acceleration of 
the arterial current or slowing of the venous current, in either 
case resulting in increased blood-pressure. Probably this clause 
is responsible for the majority of that large class of crises of 
so-called ** physwlogival or functional albuminurias J'^ This is 
most marked upon prolonged or fatiguing muscular exercise. 
Leube found albumin in tbe urine in 16 iK*r cent of soldiers 
after prolonged nmreh, and Chateaubourg gives the percentage 
as even higher. A similar result sometimes occurs after the 
Application of cold to the surface of the body ; the blood being 
driven to the interior, the renal vessels become overGlled and 
albuminuria often results. Again, in some derangements of 
the nervous system, which interfere with the va so motor-nerve 
regulation of the renal vessels, temporary albuminuria is not 
an unoommon result. Albuminuria from inoreased blood-press- 
ure is readiJy demonstrable by experimentation in the following 
ways; L By pressure upon the renal veins. 2. Ligature of the 
aorta below one kidney, and e3ctiri)ati<*n of the other. 3, Com- 
pression of the trachea. The quantit}' of albumin in the urine 
from disturbances of the circulation Is for the most part smalL 
It may be but temporarily present, or it may L«?corae a permanent 
condition, depending upon tbe continuance of the cause. Thus 
we may have temporary albuminuria after a sei-zure of epilepsy 
which soon after the attack subsides, or when depending upoa 
organic disease of the heart it becomes permanent. 
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Finally, albuminuria often owes its origin to two or even all 
three of the causes just considered. In fevers, for instance, all 
the described causes of albuminuria are sometimes present. We 
have, for instance, accompnnying changes in blood-pressure, and 
when long continued the febrile state is apt to induce structural 
changes in the renal epithelium, while profound changes in the 
constitution of the blood are often induced by fevers, more espe- 
cially the acute infectious ones, which without doubt are the 
active cause of albuminuria. 

It remains to consider the significance of a form of albumi- 
nuria which is often intermittent in character, to which Pavy s 
*' Cyclic Albuminuria^^ and Moxon's ^'Albuminuria of Adoles- 
cence " doubtless belong. In a hirge percentage of these cases 
the albuminuria is intermittent; if not, usually it is remittent; the 
intermission or remission occurring during rest, as at night. 
On rising in the morning the urine is often free from albumin, 
but soon after rising, and es^^ecially upon exercising, the urine 
contains albumin, which may or may not wear away toward 
evening. A large percentage of these cases is observed in 
youths and 3'oung adults. 

In another class of these cases the albuminuria is more con- 
stant, and if an intermission occur it is usually measured by 
weeks or months instead of hours. In these cases the age of 
the patient is less constant, although the albuminuria is still most 
common before middle age. 

For the most part all these cases possess certain features in 
common : 1. The quantity of albumin in the urine is small, usually 
ranging from one-half to one-tenth or two-tenths of one per cent. 
2. The urine either contains no renal casts or very few perfectly 
hyaline ones. 3. The specific gravity of the urine is somewhat 
above the normal standard, — 1.024 to 1.030. 4. Evidences of 
cardiac and general vascular changes of a permanent nature are 
absent. 5. Close observation will usually reveal evidence of 
some local or general impairment of the functions, as measured 
by the standard of vigorous health. 

The causes of this group of albuminurias are identical with 
those already considered, only operating perhaps in milder de- 
grees. To changes in the renal structures, alterations in the 
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quality of the blood, or abnormal increase of blood-pressure, — to 
one or more, or all of these combined, we may with great prob- 
ability refer every case of albuminuria as to its essential cause 
or causes. 

It will be seen, from the preceding considerations, that albu- 
minuria is a symptom of the most variable clinical significance, 
and therefore, in itself, should never be accepted as proof of 
tlie presence of renal disease. As hjis been truthfully said, *' this 
was the error of former times." It can only be positively as- 
serted that albuminuria is the result of reiml changes when it is 
accompanied by those products in the urine which are a conse- 
quence of renal lesions, such as casts, epithelium, etc. On the 
other hand, it must be remembered that albumin in notable 
quantity is not present in healthy urine. On the whole, it will 
be safer to accept albuminuria as an evidence of an existing ab- 
normal state, the gravity of which must be determined by its 
accompanying symptoms. The author holds that so-called func- 
tional albuminuria forms no exception to the above rule, inas- 
much as he has never met with a case of albuminuria in which 
the patient did not present more or less evidence of departure 
from the normal balance of perfect health, either local or geneml. 

It is only necessary here to allude to the occurrence of albu- 
min in the urine derived from sources other than the kidnej^s. 
Such albuminuria has been variously termed adventitious, false j 
or accidental. In such cases the urine on leaving the kidneys is 
perfectly normal ; but, meeting with the products of inflamma- 
tory changes in the urinary passages, — the renal pelvis, ureters, 
bladder, or urethra, — it becomes albuminous. As a rule, in such 
cases, the source of the albumin may be determined by chemical 
and microscopical investigation, together with local symptoms. 

Detection of Albumin in the Urine.— 1. Heat: Boiling the 
urine constituted the first test employed to detect albumin, by 
Contugno (1770). The more common method of application of 
this test is in conjunction with nitric acid. A test-tube of ordi- 
nary size is filled half full of the suspected urine, and heat is 
applied until boiling occurs throughout the whole. If a precipi- 
tate occur, it consists either of albumin or earthy phosphates. 
A few drops of nitric acid are next added, and if the precipitate 
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remain undissoWed it is due to the presence of albumin. If, on 
the other hand, the precipitate disappear upon the addition of 
the acid, it consists of the earthy phosphates, and the urine it 
free from albumin. In testing, the acid should be added in small 
quantity, at first, — say, 2 to 5 drops, — and the urine should then 
be re-boiled. If now no precipitate occur, acidulation should be 
continued until precipitation occur or a limit of acidification be 
renched of about 15 to 20 drops. Some prefer to reverse this 
order, and first acidify the urine before applying the heat. 

The heat and nitric-acid test is subject to certain errors. 
Thus, if there be little albumin present and the acid be in excess, 
the albumin may combine with the acid, forming a soluble acid 
albumin, — syntonine, — which is not precipitated by boiling. If, 
on the other hand, the acid be insufiicient to distinctly acidify 
the urine, and if the phosphates be in excess, a part only of the 
basic phosphates may be acidified, while the albumin may com- 
bine with the remainder, forming a soluble alkali albuminate, 
which will not be precipitated by boiling. The heat and acid 
test throws down albumin, globulin, and mucin, and upon cooling 
albumose separates, if present. No reaction occurs with peptone, 
vegetable alkaloids in the urine, or with the urates. If the urine 
contain the pine acids, as sometimes occurs after the use of 
cubeb or copaibse, these may cause slight precipitation by this 
test, which may be mistaken for albumin. The ready solubility 
of this precipitate in alcohol distinguishes it from albumin. 

Various modifications have been suggested, with the view of 
avoiding the mucin reaction which sometimes undoubtedly occurs 
with this test, such as first boiling the urine and then very faintly 
acidifying with nitric acid, or by employing acetic instead of 
nitric acid in quantity not to exceed 2 drops. Such modifica- 
tions, however, are not to be depended upon in eliminating the 
occasional mucin error, as will appear by a study of the chemistry 
of mucin reactions. 

2. The Auihor^s Method. — Have on hand a saturated aqueous 
solution of chemically-pure sodium chloride. Fill a clean test-tube 
about two-thirds full of the previously-filtered urine, and add to 
this about one-sixth of its volume of the sodium-chloride solution. 
Next add 5 to 10 drops of acetic acid (50 per cent.) and gently 
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boil the upper inch or so of the contents of the test-tube for 
about half a minute. If albumin be present, even in the 
minutest traces, it will appear in the upper, boiled portion 
of the test if examined in a good light. This test possesses 
all the sensitiveness of the heat-and-acid reaction with albumin, 
while it avoids faulty reactions. After repeated and crucial 
investigations the author confidentl}' recommends this test 
as superior to all others for distinguishing minute quantities of 
albumin from other proteids in the urine — mucin or nucleo- 
albumin included; 

3. Nitric- Acid Test, — This test is applied according to Hel- 
ler's method, as follows: Upon a column of pure nitric acid in a 
test-tube the suspected urine is gently floated, so that the column 
of urine and that of acid are about an inch in depth. In order 
to accomplish the above without mixing the acid and urine, the 
test-tube should be held in an inclined position and the urine 
slowly delivered along the inside of the tube, so that the urine 
may flow gently down and overlie the acid. If albumin be 
present, an opalescent zone will be observed at the point of con- 
tact between the acid and the urine, which becomes more or less 
pronounced according to the quantity of albumin present. If no 
change be perceptible upon careful examination in a good light, 
the tube should be set aside and re-examined in half an hour, 
because, when only a trace of albumin is present, twenty to 
thirty minutes may elapse before the zone of coagulated albumin 
becomes visible. 

In concentrated urines with this test the acid is apt to pre- 
cipitate the amorphous urates in the form of a light, rather 
brownish cloud, which may be taken for albumin. The cloud 
of precipitated urates, however, does not appear at the point 
of contact between the acid and the urine, but higher up, 
within the urine itself; moreover, it is more diffused than the 
albuminous zone, and spreads downward through the urine. 
The precipitated urates disappear upon the application of 
gentle heat. 

If the urine contain mucin in excess, a light cloud may come 
into view toward the surface of the urine with this test. It will 
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be remembered that mucin is soluble in strong nitric acid, but is 
preci])lt:itcd by the same in dilute form, and therefore the mucin 
reaction always occurs high up in the strata of urine which con- 
tain the acid well diluted. If the urine contain the pine acids 
a reaction may occur with this test somewhat similar to that of 
albumin, though usually less defined. The precipitate due to 
oloo-resins is soluble in alcohol, which distinguishes it from that 
due to albumin. 

The nitric-acid test precipitates all modifications of albumin, 
acid and alkaline, as well as albumose. Ou the other hand, it 
gives no reaction with peptone or the vegetable alkaloids, 

4. llie Ferrocyanic Test. — This test is very simple and 
nipid in application, as follows : — 

1. Fill an ordinar}' test-tube half-full of urine and add a half- 
drnchm or more of potnssium-ferrocyanide solution (1 to 20). 
Aftor thoroughly mingling the urine and the reagent, add a few 
drops of acetic acid (50 per cent.) ; then pause for a half-minute 
and note any change. If albumin he i)re8ent, it will come plainly 
into view, within half a minute to a minute, in the form of a 
white, milk-like opacity, ditfused throughout the whole contents 
of the tube. 

2. Into the bottom of a clean test-tube is poured a half- 
drachm of acetic acid; then about a drachm to a drachm and a 
half of potassium ferrocyanide (1 to 20) is added and the two 
thoroughly mingled. The suspected urine is next allowed to 
gently flow down the side of the tube and overlie the reagents 
to the depth of about an inch. If albumin be present, a sharply- 
defined white zone or band will come plainly into view.* The 
ferrocyanic test applied by either of the above methods precipi- 
tates all modifications of albumin. On the other hand, it gives 
no reaction with phosphates, peptones, mucin, the alkaloids, 
urates, or the pine acids. 

" Tho reaction that sometimps occurs on loncr-Rtandlng: between the acid and 
potaMuin ferrocyanide should not be niisttaken for albumin. The albuminous 
reaction appears within half a minute or so, while the other occurs only afler 
ten minutes to half an hour, and is mingled with more or less blue coloration. 
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Other Tests for Albumin. 
Within the past twenty-five years a number of additional 
tests for albumin in the urine have been brought forward. While 
few, if any, of tbese may yet be said to have become standard, 
yet the author will endeavor to here present the more prominent 
ones, together with a brief account of their special individual 
claims for recognition. 

5. TanreCs Test, — This test was first proposed by Tanret in 
1872 and was subsequently pronounced by the Clinical Society 
(London) the most delicate of a series of reagents for the detec- 
tion of albumin in the urine at that time investigated. The 
formula is as follows: Potassium iodide, 3.32 grammes; mer- 
curic chloride, 1.35 grammes; acetic acid, 20 cubic centimetres; 
distilled water, to 100 cubic centimetres. The potassium iodide 
and mercuric chloride should be separately dissolved in water, 
and the solutions mixed; the resulting reagent is the double 
iodide of mercury and potassium, to which the acetic acid is 
added and the whole made up to 100 cubic centimetres with 
distilled water. Thus prepared, the test is ai)plied b}' the con- 
tiict method of Heller; the reagent, being the heavier, is first 
introduced into the test-tube, and the urine is allowed to overlie 
it. The reaction with albumin consists of the develojjment of a 
sharply-opaque white ring, or band, at the junction of the reagent 
and urine. The test responds to all modificntions of albumin, to 
I)eptones, the vegetable alkaloids, and the pine acids. It is 
claimed, however, that all reactions other than with albumin, 
the pine acids, and nucleo-albumin are dissipatcMl by heat. 

6. Picric Acid. — This test was strongly advocated by Sir 
George Johnson as a most delicate reagent for albumin in the urine. 
The solution is prepared by simply saturating distilled water 
with picric acid (6 or 7 grains per ounce). While this test is 
applied by the contact method (the urine below), yet there must 
be an actual mingling of the urine and reagent in the upper 
stratum of the latter. This is, no doubt, a delicate reagent for 
albumin, but it also reacts with creatinin, copaiba, peptone, 
nucleo-albumins, as well as with alkaloids. Those save with 
albumin are claimed to disappear by heating, but they reappear 
upon cooling. 
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7. Sodium Tungatate. — Sonncschin in 1874, and subse- 
quently Oliver, advised the use of this agent as a delicate test 
for albumin. The solution of this salt ( 1 to 4) must be acidulated 
with acetic or phosphoric acid. The test is applied by the usual 
contact method, and reacts with albumin, nucleo-albumin, pe|>- 
tones, urates, and the vegetable alkaloids ; all save albumin and 
nucleo-albumin are probably cleared up by heat. 

8. Trichloracetic Acid. — This agent was first suggested by 
Raab as a test possessing special advantages in that it is claimed 
not to precipitate peptones or nucleo-albumin, while it is exceed- 
ingly sensitive to albumin. Trichloracetic acid is applied in sat- 
urated solution by the contact method, the reagent below. It 
precipitates albumoses, alkaloids, and sometimes uric acid in 
addition to albumin, all save the latter disappearing on the appli- 
cation of heat. 

9. Metaphosphoric acid was suggested by Hlndenlang, in 
1881, as a delicate reagent for albumin in the urine. The appli- 
cation is simple, viz. : in the test-tube is placed a little of the 
solid metaphosphoric acid, and upon this the urine is filtered, 
and agitated, when, if albumin be present, a turbidity results. 
This test reacts with albumoses, and sometimes with uric acid, 
but these are dissipated by heat. 

10. Spiegler^a Test. — This is composed of a solution of 8 
grammes of mercuric chloride, 4 grammes of tartaric acid, and 
20 grammes of sugar in 200 cubic centimetres of distilled water. 
One-third of a test-tube may be filled with the reagent, and the 
urine allowed to overlie this an inch or more in thickness; if 
albumin is present a sharply-defined white ring or zone appears 
at the line of contact of the two fluids. Globulin and albumoses 
react with this test, but peptones produce no change. 

11. SalicyUaulphonic acid^ov sulphosalicylic acid, was first 
suggested by Roch, in 1891, as a delicate reagent for albumin in 
the urine; subsequently Macwilliam modified the test and ad- 
vised its use as follows : About 20 drops of the urine are placed 
in a test-tube (small size) and 1 or 2 drops of a saturated aque- 
ous solution of the reagent added, or more if the urine is alka- 
line. The tube is next agitated and inspected. Opalescence or 
turbidity occurring immediately is claimed to indicate greater 
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ddieaey tUan Hi^Uer-s method. Turbidity occur riug slowly — 
one anil a half to two minutea — implies luiunte traces of albiiiniiL 
The test 13 lastly boiled and the precipitate remaining is due to 
album in or globulin. 

This test ia often more simply applied as follows : To the 
suspected urine merely add a few crystals of the reagent, agitate^ 
and^ if turbidity results, correct by heat. An acid urine la 
necessary for this test, and, therefore, if the urine be alkaline^ it 
must be treated with acetic acid befoi'e adding the reagent 

12, Phenic-Acelic Acid. — This agent, in coi^junction with 
alcohol J was first employed by Mehu for determining the percent- 
age of albumin. Subsequently Millard modified the formula for 
qualitative purposes as follows ; Acid* phenlc* glacial* , 3ij l acid. 
acetic, pur., 3^t liquor pota9s«e^ 5vji Sij^ As indicated, the 
quantity of liquor potassae may be varied. The test is applied 
by the usual contact method. It reacts with peptone, nucleo- 
albumin, alhumoscs, and alkatoidsj all of which save that with 
albumin are claimed to disappear with heat. 

13, Slutz^s TVs/, — This test consists of a mixture of mercuric 
chloride, sodium chloride, and citric acid. When added to 
albuminous urine, this Bolutioti causes an abundant precipitate 
of albuminate of mercury in the form of a dense, white opacity. 

H, liesiorcin was proposed by Carrez as a test for albumin. 
One gramme of resorcin is dissolved in 2 cubic centimetres of 
distilled water in a test-tube, and the urine is poured upon its sur- 
face. If albumin is present a white ring develops at the junction 
of the two fluida. Peptone is indicated also by a white ring, the 
hitter disappearing if tlie tube is immersed in boiling water, 

15, Nitric- Ma^nemum TeaL — This test was proposed by Sir 
Willinm Roberts, Its composition Is 1 ounce of strong nitric acid 
n nd 6 o u n cc a o f sa t u ra ted so 1 u t ion o f mag n esl u m su Ipl j ate. This 
ia applied by the usmd contact metliod, and ia claimed to be more 
sensitive tlmn tlie cold*nitric acid method of Heller, 

IB. Sodium NiiropruBsnate, — Nya recommends this salt as a 
reagent for albumin. The test is applied as follows: The urine 
previously acidulated with acetic acid is treated with a concen- 
trated solution of sodium nitroprussiate. The reagent must be 
kept from the light to avoid decomposition. 
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Color Reactions. — The albumins yield certain color reactions, 
but tbey are not suitable for direct qualitative testing, especially 
in cases of deeply-colored urines containing only small amounts 
of proteid matter. Tbey are more useful as confirmatory or 
furnishing more positive proof that a given precipitate wben 
considerable is really proteid. Thus, the supposed albuminous 
precipitate may be tested with Millon's reagent as follows: — 

17. MillorCs reagent is prepared by dissolving 1 part of 
mercury in 2 parts of nitric acid of specific gravity of 1.42 and 
diluting with two volumes of distilled water. The characteristic 
reaction is as follows: To 1 drachm of the albuminous solution 
or urine add 10 minims of Millon's reagent and heat to boiling. 
The presence of proteid is indicated by the liquid turning red, 
which color will include the precipitate, if any. The test also 
reacts with numerous derivatives of the aromatic series. 

18. Biuret Test, — The urine is first treated with a solution 
of potassium or sodium hydroxid and subsequently drop by drop 
with a dilute solution of copper sulphate. In the presence of 
proteid first a reddish, then a reddish-violet, and lastly a violet- 
bine color is obtained. If albumin is absent from the urine the 
presence of albumoses and peptone may be tested by this method. 

19. Xanthoproteic Reaction, — Add to the urine concentrated 
nitric acid and boil. Let the liquid cool and then add ammonia. 
If albumin is present, an orange color is produced. 

Many of the tests just considered have many admirers and 
some strong advocates, largely upon their claims for exceeding 
delicacy. Doubtless in some cases at least this is really true. 
The question naturally arises, however : are these delicate reac- 
tions trustworthy? Upon this point the profession, as well as 
authorities, at present seem divided. Some claim that, for the most 
part, the tests for which unusual delicacy of reaction is claimed 
also react with substances found in many normal urines as well 
as with substances in pathological urines other than albumin. 
Nucleo-albumin is most often considered responsible for the 
doubtful reactions. Mitchell recently' contends, after a review of 
all these tests, that a number of them — including Spiegler's, Tan- 
ret's, picric acid, and trichloracetic acid — give reactions with 
urines containing alkaline carbonates when albumin is absent. 
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It will be noted tlmt almost unexceptlonally tlie newer tests 
appeal to the liidiience of Ijeat as their cbief oorreetive: a LMrcnm- 
stance that speaks strongly in favor of heut as the crucud 
distiugiiishiiig ageut* The author believBS that, while heat may 
not be the most delicate test ior albniuin, yet, when prop*?rly 
Ap[>lied^ it is, in all probability, the most trast worthy we yet 
possess. 

While, donbtleas, it is desinible that we sboiitd possess tests 
fur albumin of somewhat greater sensitiveness than tlie old 
method of boiling the urine, yet, after all, extreme delicacy of 
reaction is altogether a matter of secondary consideration, as 
coun>ared with accuracy, because, when the quantity of albumin 
in the nriue is vert/ slight^ resort must necessarily be had to 
other means than the presence of traces of albumin in the urine, 
in order to he able to establish a positive diagnosis of renal dis- 
ease, Notwitiistanding the aliove facts, much unnecessary con- 
fnsion and uncertainty in our present metliods have been caused 
by the multiplication of tests for albumin in the urine whose 
cliief claim for recognition is that of great sensitiveness of reac- 
tion ratlier than that of trustworthiuess, 

20. Teifla in Paper Form. — According to the suggestion of 
Dr, George Oliver, of Harr4»gate,* a number of the teste named 
have been prepared and used in pajjer form. This is accom- 
plished by saturating chemically inert filtering- pa per with solu- 
tions of the albumin reagents, and with citric acid and then 
drj'ing. The papers are then cut into slips of convenient size 
for testing, and may be carried about in the pocket-case for use 
at the l>edside of the piUient. lu testing, the following method 
is advised: Into a small test-tube containing one drachm of dis- 
til lei I water are dropped a reagent paper and one charged with 
citric acid. After agitation for a minute or so the test-pnpers 
are removed and the solution is ready for testing. The mine is 
now added, and tlie test may be conducted either hy a mixture 
of the two or by the contact method, of which Dr. Oliver prefers 
the latter, 

Dr* Oliver now advises the use of two reagents only for 
albumin, viz,: the ferrocyanic and potass! o-m ere uric papers. 

' Bedilde Urtuc Tettlag, Loudaii, 1885, 
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These will be found very conveuieut in clinical work, or at the 
bedside in visiling practice. The ferrocj^anic paper is recom- 
mended as the more ready and trustworthy, since in all cases 
the reaction with the mercuric test must be corrected by heating, 
otherwise it is liable to he misleading. 

Quantitative Estimation of Albumin in Urine.— The number 
of tests proposed — methods for estimating the quantity' of al- 
bumin in the urine — is scarcely less than those for qualitative 
testing, but they are far less satisfactory, because without excep- 
tion they consume too much time for practical clinical work. 
Fully realizing the necessity for some more ready and rapid 
process, the author introduced the centrifugal method in the first 
edition of this work as at least a ready approximate process. 
More recently the centrifugal method has been worked out with 
great pains and accuracy. The author here presents the im- 
proved centrifugal method in detail, for which he claims some- 
thing more than approximate results. 

Thb Author^s Centrifuqal Method. — The process, in brief, 
consists of the following steps : Precipitation of the albumin in 
improved percentage tubes of 15 cubic centimetres' capacity. To 
10 cubic centimetres of the urine, 3 cubic centimetres of 1 to 10 
aqueous solution of potassium ferrocyanide are added and 2 
cubic centimetres of 50-per-cent. acetic acid are added. After 
mingling the reagents and urine, the tube should stand for 10 
minutes to insure entire precipitation of the albumin. At the 
end of 10 minutes the percentage tubes are placed in a centrif- 
ugal machine, the radius of which, with tul>es extended, must 
be exactly six and tlircc-qnarter (6|) inches. The tubes are 
next revolved for exactly three (3) minutes at a uniform spee<l 
of fifteen hundred (1600) revolutions per minute. Lastly, the 
tul>es are removed and tlie amount of albumin is read off in 
bulk percentage, which, by consulting the accompanjMng table, 
can be readily converted into percentage by weight and grains 
per fluidounce. It will be noted that the time necessary to 
curry out this test does not exceed 15 minutes, and it has been 
found that the results carefully compared with the gravimetric 
method need not amount to errors exceeding 0.01 per cent. 
More accurate results than the above are not ordinarily claimed 
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(Centrifugal). 

Table Eih owing the relation between the voId metric and gravimetric per- 
cenrage of albumin obtained bj menaa of the centrifuge with radius of hIx 
*od t6ree*quarter inches; rat« of iipeed, ISiKJ rttVoluLiuiift per minute; Unve, 
three miautas. 
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Te^t. — Three cubie oeotiinetres of 10-per-cent. aolntion of ferrocyantde 
of pota^iuiu aiid 2 cubic oentime^trea of 5i)-per-ceiit. acetic acid are added to 
10 on hie centimetres of the uriue in the t>croentage tab© and wtood uMdepr ten 
mmufc9, then placed in the centrifujre and revolvM at Kite of epeetl and time 
as stated at bead of the table. If alhnniin in exeesnive, dilute the tjrine wHh 
water till volume of albumin fallfl below ID per oent. Multiply re«tilt bj 
the number of dilutions employed before uaing the table. 

(80a) 
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fur Ibe gravimetric metUod itself. In order to insure accurate 
results, tbe fuUowlng coTiditions should be complied with: (a) 
If the tdbiimin b« excessive^ the urine should be diluted with one 
or more vol u rues of water, until the volntnetric percentage does 
not mnteriiilly exceed 10 per cent. OhservatLons eondncted in 
the anthor'^ hiboratory have demonstrated the fact that accurate 
and uniform voUi metric measiireraents of allmuiin in the urine 
by tijis methotl are only possible when the percentage does not 
material ly exceed 10 per cent, (b) The reagents and the urine 
must stand after mingling 10 minutes to insure entire precipitation 
of the albumin, (c) The centrifuge must possess the following 
essentials or bo capable of such modification as to include them, 
viz. : The arm should possess a radius of exactly 6| inches ; 
that is to say, the linear distance from the centre of the axle to 
the tip of either tube must be just 6| inches. The motor must 
be capable of an even and sustained speed of 1500 revolutions 
per miuute, with the stated radius and carrying 30 cubic centi- 
metres of urine. Lastly, some trustwortijy method of gauging 
the exact speed of the motor must be employed* 

The advantages claimed for this method over those hitherto 
in use are its rapidity, simplicity, accuracy, and comprehensive- 
ness in expression of results — the volnmetric percentage, Its 
corresponding percentage of dry albumin, the utmiber of grains 
of drj' albumin per ounce, and from these the total weight of dry 
albumin in 24 hours, all being apparent by a glance at the accom- 
panying table. 

The Geavimetric Metbod, — The process consistB in coagu- 
lating the albumin, which may be accomplished either by (a) 
boiling or (b) by means of a chemical agent. The succeeding 
steps are filtering ont the albumin, coUecting^ drying, and 
weighing. 

L Coagulation by ffeaL — To 100 cubic centimetres of urine 
acetic acid is added until the urine is distinctly acid, after which 
it 13 filtered, and gradually heatod to boiling and the boiling eon- 
tbuied for half a minute. The urine is next passed through a 
filter, the weight of the filter having first been ascertained and 
notecl. The flask in which the urine was boiled is next washi?d 
irith distilled water to secure all particles of albumin^ and the 
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contents are again thrown on the filter. Next the albumin on 
the filter is washed with boiling distilled water, the washing 
being continued until the albumin is perfectly clean and white. 
The filter is next placed in an oven the tempera- 
ture being 100°C. (212°F.), and there left until 
drying is complete. Drying is known to be 
complete when two weighings at an interval of 
an hour are identical. From the whole weight 
that of the filter is deducted, and the difference 
represents the weight of albumin in 100 cubic 
i> ^ I centimetres of urine, from which the whole 
Ij -I m amount may be readily calculated. 
- — 2. Coagulation by Chemical Agent. — There 

are a number of processes of which Mohu's will 
serve as an example : 2 or 3 drops of acetic acid 
are added to the urine and the latter is filtered. 
One hundred cubic centimetres of the filtered 
urine are next taken and 2 cubic centimetres of 
nitric acid are added, with 10 cubic centimetres 
of the following solution : Crystallized carbolic 
acid, 10 grammes; acetic acid, 10 cubic centi- 
metres; alcohol (90 per cent.), 20 cubic centi- 
metres. The albumin immediately coagulates 
upon the addition of the above, and the whole is 
thrown on the filter. Drying and weighing are 
to be conducted as already described. 

The tediousness of the gravimetric process 
is its chief drawback for clinical use, since the 
process cannot be carried out in less time than 
five or six hours. 

Esbach's Method. — This test is conducted 

by means of a standard graduated glass tube or 

albuminometer, shown in the cut (Fig. 8). The 

following standard solution is required : Picric 

acid, 10 grammes; citric acid, 20 grammes; distilled water, to 

1000 cubic centimetres (1 litre). 

Process, — Fill the albuminometer tube with the urine to the 
letter 17, then add the test solution to E ; close the tube with 
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tlie stopper ftnd invert seveml times, until the uritie and the test 
solution are tiiorougUlj mingled. Staml the tube iu a raek for 
twenty-fonr boiirs and tUen read olF the u timber of grttmnies ofaU 
Uumin per litr€, aa will be indieated on the aide of the tulie on a 
level where the albumin settles. If it be desired to know the per- 
centage of albumin inatead of the number of grammes per litre, 
remoye the decimal point one flgnre to the left : thus 5 grammes 
per litre would be 0.5 per cent. If the urine be highlj a [burnt- 
nons^ it should be diluted with one or more vohimes of water, 
before testing, and the result multiplied by the nnmber of diln- 
tiouB employed. This test has attained some popularity largely 
on account of its extreme simplicity. Its disadvantages f(>r 
clinical use are that it takes twenty-four liours to complete the 
process, and the results are only claimed to be approximately 
accurate in the end. 

Titration Metbod of Tanbit, — Tanret recommends for tbe 
vohimetric estimation of albumin its precipitation by the follow- 
ing solution : Potassium iodide, 3.22 grammes j mercuric chloride, 
L35 grammes; distilled water, to 100 cubic centimetres. For 
the confirmatory solution : Mercuric chloride, 1 gramme ; distilled 
water, 100 cubic centimetres. One drop of the precipitating 
solution given by a pipette of standard size precipitates 0-005 
gramme of albumin ; ao that as many dropa as it takes to 
precipitate all the albumin so many times 0.00& gramme of 
albnmin must be coutaineii in tbe urine. To save trouble in 
calculation, a certain qnnntity of urine should always be em- 
ployed, a convenient quantity being 10 cubic centimetres, since 
then the number of drops of the solution that it takes to precipi- 
tate alt tbe albumin in this qaantity of urine represents so many 
hatf-grammes per litre. 

Process. — Take 10 cubic centimetrea of the urine and add 2 
cubic centimetres of acetic acid, and stir with a glass rod j add 
the precipitating solution drop by drop, stirring carefully after 
each drop, until the albumin is no longer affected by the reagent, 
an ascertained as follows : After ailding each drop of the reagent 
phice a drop of the urine on a porcebun dish and m>te if a yellow* 
ii^h-red color appears on adding a drop of the confirmatory solu- 
tion. As soon as it does all the albumin is precipitated and tb* 
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process is completed. The amount of albumin per litre will be 
arrived at by taking the number of drops of the reagent employed, 
subtracting 3 as having been employed in excess to make the 
yellow color perfectly apparent, then considering the remainder 
as 80 many half-grammes. 

PB0TS06S& 

These substances are the intermediate products in the hydra- 
tion of proteids, the final products being peptones. In the 
body they are formed by the action of the gastric and pancreatic 
juices, and they may be formed artificially by heating albumin 
with water, — more readily by dilute mineral acids or sulphuretted 
steam. They correspond to the propeptone of Schmidt-Mulheim, 
and to the A-peptone of Meissner. They are uncoagulable by 
heat, are precipitated but not coagulated by alcohol ; they all 
respond to the biuret reaction, and are precipitated by nitric 
acid, the precipitate thus formed being dissolved by heat, but 
re-appearing upon cooling. 

These substances may be sulxlivided into albumoses, globu- 
loses, vitelloses, caseoses, myosenoses, depending upon the pro- 
teid from which they are formed. The albumoses and globuloses 
are absent from normal urine, but appear in the urine under a 
number of abnormal conditions. 

Albumosuria. — The albumoses are of two varieties: hemi- 
albumoses J or those convertible by further digestive action into 
hemi-peptone, and anlualbumoses, or those similarly converted 
into anti-peptone. Albumoses have also been classed according 
to their solubilities, as follows : (a) Proto-albumose ; soluble in 
cold and hot water, and in saline solutions. They are precipi- 
tated as are globulins, by saturation with sodium chloride and 
magnesium sulphate. (6) Hetero-albumose ; insoluble in water ; 
soluble in 0.5 to 15 per cent, sodium-chloride solutions in the 
cold, but precipitable by heat at 66° C, the precipitate being 
readily soluble in dilute acid or alkali. It is precipitated by 
alcohol, as are other albumoses, but, unlike them, it is partly con- 
verted into an insoluble dys-albumose, Hetero-albumose is pre- 
cipitated by dialyzing out the salines from its solutions, and, 
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like proto-albumose^it is precipitated by Batiiration with Balinea. 

Prato- and hetero* allmmosea constitute tlie tirst products of 
the hydration of pioteidsj and have hence beeu called primnrj 
albumosea* (c) Deutero-albuinose ie soluble iu cold and hot 
waleff 13 not precipitated from its solutions bj' saturation Mttli 
sodium chloride or magnealum sulphate^ but it is precipitated by 
»trong solutions of ammonium sulphate. It is not precipitated 
by copper sulphate, and only gives the uitric*acid reaction (char- 
flcterisLic of alburaoses) iu the presence of excess of saline. It 
IB therefore, in reactions, nearest to peptones of the albumoses ; it 
is at] intermediate stage in the conversion of primary albumoses 
into peptone. 

Clinical Signijicance. — AUiumose, like peptone^ is found in 
pus; but, unlike the latter, it is also present iu the blood, most 
notably so during digestion. An albumose was liret discovered 
in the urine by Eenee Jones in a case of osteomalacia, and in a 
like case since by Kuim, Virchow has found this albumose iu 
the medulla of bones in osteomalacia, while Fleischer found it 
in tiie medulla of normal bone. Senator has found albumoses 
in a number of cases in the uriue, — viz., tertiary syphilis, hemi- 
plegia, double pneumoniaj diphtheria, carcinoma, and muscular 
atrophy- Hoppe-Seyler has found it in a number of cases of 
atrophy of the kidneys* Lassar has found it in the urine of 
people rubbed with petroleum, while Oertel has met with it in 
a few cases after severe exertion, Albumose and peptone arc 
both found in the urine of animals when injected into their cir- 
culation. Deutero-albumose so closely resembles peptone in its 
reactions that it is often mistaken for the latter substance. Its 
distinction from peptone will be considered in connection with 
peptonuria* The clinical significance of albumosuria, ao far aa 
our present knowledge extends, is very indefinite; so that prac- 
tical conclusions in connection with its presence in the urine are 
aa yet lacking. In the few diseases in wliieh it has been noted, 
its appearance, under similar circumstances, has subsequently 
been fnund inconstant 

DetecHon. — The proteoses are known by their solubilities 
and reactions^ as follows: Pi^oleo-albumose^ nohihle in hoth hot 
and cold water, in both hot and cold saline solution (10 per cent 
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NaCl), is precipitated with strong solutions of sodium chloride 
and magnesium sulphate ; also by saturated solution of Am,S04 ; 
is precipitated by nitric acid in the cold ; not soluble on heating, 
or only slightly so ; it is precipitated by copper sulphate. 

Eetero-albumoae, insoluble in hot and cold water, is precipi- 
tated by dialysis from saline solutions ; soluble in both hot and 
cold solutions of sodium chloride of lO-per-cent. strength, — 
t.6., is partly precipitated, but not coagulated, on heating to 
65° G. ; is precipitated by saturation with sodium chloride or 
magnesium sulphate; also with saturated ammonium sulphate; 
and is precipitated by nitric acid in the cold, the precipitate 
being dissolved with heat and re-appearing on cooling. 

Deuleroalbumose 19 soluble in hot and cold water; soluble 
in hot and cold solutions of sodium chloride of 10-per-cent. 
strength ; is not precipitated by saturation with sodium chloride 
or magnesium sulphate, but is precipitated by saturation with 
ammonium sulphate ; while with nitric acid it is only precipi- 
tated in the presence of excess of salt. 

Peptonuria. 

Peptones are best known as the final products of gastric and 
pancreatic digestion. They are also products of retrogressive 
changes in albuminoids and of the corpuscular elements of the 
blood, and as such assume importance in their clinical relations. 
It has Just been stated that peptones are the final products 
of gastric and pancreatic digestion. If hydration were con- 
tinued a step farther, peptone would be split up into simpler 
substances, and would no longer constitute a proteid. Pep- 
tones are soluble in water, uncoagulable by heat, and are not 
precipitated by nitric acid, copper sulphate, ammonium sul- 
phate, potassium ferrocyanide, and a number of other pre- 
cipitants of proteids. They are precipitated by tannin, potassio- 
mercuric iodide, phosphomolybdic acid, phosphotungstic acid, 
and picric acid. 

Peptones are divisible into two forms: (a) Eemipeptonej 
which by further action of the pancreatic juice is split up into 
leucin and tyrosin and such simpler products. (6) Antipeptone^ 
which is not decomposed further by pancreatic Juice. It, foiv 
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tberroorej does not y\M tyrosiii on treatmeat witk siilpliurie 
&cid, &ik1 does not resspond to Miilon^B reagent. 

Both TomiA of peptone are readiij' diflusibie tUrougU atilmai 
memLiraneSf albuaiOBes being only sLigbtly so, and albumin not 
eo at all, nnder ordiriar}^ circumstances. The peptones are not 
precipitated by sutnnition with ammonium sulphate, in which 
respect they differ from albnmoses. 

Clinical Significance. — Peptone is ubbcnt from normal nrlne, 
but has been described in the urine in connection with numerous 
pathological conditions. Since the recent publication of Kiibne 
and Chittenden*B work on proteoses and peptones , it has been 
made evident that many of the ejises formerly described as ptp- 
toJHiria were, in reality, albumosuria, the real proteid present 
beinjj deTitero-ailnimose^ and, therefore, much of onr supposed 
knowledge of i^eptouuria needs i-evision. 

Peptonuria has been frequently described as associated with 
tlie following conditions ; lu phosphorus poisonings, in suppura- 
tive diseases^ in croupous pueumonia, acute rheumatism, typhoid 
fever, typhus, sroalUpoi, scarlet fever, mumps, tuberculosis, ery- 
sipelas, empyema, cancer of tl»e viscera (notably of the liver and 
intestines), caturrhal jauudicc, apoplexy, etc. The local — some- 
times termed the pyog^eiiic— ciiuses seem to be connected with 
resorption of exudations so sitn^vted as to favor the products of 
disor;raniznti<iu — the peptone constituent of leucocytes — being 
absorbed into tlic circulation, from whence it is eliminated by 
the kidneys. This form of peptonuria is met with in the declin- 
ing atages of pneumonia, in ptirulent i>lenriti8, suppurating 
tnberculosis, clironie bronchial ealarrb, psoas abscess, purulent 
meningitis, and acute articular rheuumtism. 

In acute inflammatory afrections tlie np]>earance of pep- 
tonnria may Ite taken as an evidence that sujipurative changes 
have been established, other known causes of peptonuria being 
excluded, Jfiksch insists that^ as a means of distiiiguishing 
between tubercular and epidemic cerebro-^pinal meningitis, 
peptonuria is of crucial significance, being absent in the former 
and characteristic of the latter. In this connection, however, 
ulcerative changes in the lungs must be excluded to render this 
sign trustworthy. 
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In like manner, peptonuria appearing as is usual in septi- 
csemia may serve to distinguisli it from latent disseminated 
sarcoma wlien, as often happens, the clinical symptoms are very 
similar. In short, Maixner has declared it the law that peptone 
is always present in the urine when pus is forming in the 
organism. 

In addition to the pyogenic causes of peptonuria, extensive 
destruction of the corpuscular elements of the blood seems to 
constitute a prominent cause, and hence the frequent appearance 
of peptonuria in acute infectious diseases and toxic conditions 
already enumerated. 

Peptonuria also arises from a few additional causes. It is 
almost invariably associated with cancer of the liver, and this 
fact has led Pecancowski to the conclusion that the liver in 
health is concerned in the conversion of peptone into albumin. 
Maixner has shown that in ulceration of the intestines the 
peptic products of the stomach pass directly into the blood 
through the ulcerated surfaces, and give rise to peptonuria. 
Then, again, we have puerperal peptonuria, Fischel having 
shown that peptone is a normal constituent of the urine in the 
puerperal condition. Finally, when injected into the blood, 
peptone quickly appears in the urine. 

Detection. — Peptone may be recognized by the following 
method : Saturate the urine (slightly acidified first with acetic 
acid) with ammonium sulphate, and filter out any precipitate 
formed which may consist of albumin, globulin, proto-albumose, 
hetero^lbumose, or deutero-albumose. Any proteid remaining 
may be precipitated by potassio-mercuric iodide or picric acid, 
and can only be peptone. This is, in fact, the only ceitain 
method of identification of peptone. 

Differentiation. — Since peptone and deutero-albumose so 
closely resemble each other in reactions, it is well to be able 
to distinguish them, more particularly since the frequency with 
which they have been confounded has undoubtedly led to 
numerous clinical errors. Halliburton contrasts them as fol- 
lows: — 
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S. li Hift precipitated by i«ttiratloa 
with ammotilum fiulpbste. 



Peptone. DEUTBBO-ALBiriiosi, 

1. GlTCB uo precipltuUs with nitric 1. (3iVf» no precipitate with nitric 

^id. ncld iinleBS ft CQBslder&ble kihoiidI of 

salt be added, TbiA precipitate dia- 
appean on beattng aud re-appeara o^ 
cooling. 

2. In pref Ipltated by taturatloti wiUi 
ammoulum aulpbate. 

Ill all otber respecla these two Bubstnncea, as far m knowtt, 
beUuve similarly, 

Recetit researebes by Kiibne* have shown that, in order to 
efleut complete se pa nit ion of the album uses from peptones, the 
mixture eoutaiuiiig these suhstances should be snturftted whiisi 
boiling with ausmoinnm sulplmte. Furtherm^jre, a single satu- 
ration with ammDnium sulphate should not be depended upon 
to remove all the deulero-albumose, but saturation should be 
repeated till precipitation no louger occurs. 

Globulinuria, 

Olobulln is insoluble in water, but dissolves in dilute neutral 
salt solutions. From these solutions it is precipitated by suf- 
ficient dihttinii with water, and on heating it cotignlates. Globu- 
lin dissolves in water on the additiou of very little acid or alkali, 
and on neutralizing the Bolvent it re-preei pittites. Solutious of 
globulin iu a minimum amount of alkali are precipitated by 
carbon dioxide, but the precipitate may be dissolved by excess 
of the precipitant. Tlie neutral solutious of globulin containing 
salts are precipitated on satiiratiou with sodium chloride and 
magnesjuin sulphate at normal temperatures. Normal urine is 
fi*ee from globuliu, but this proteid appears iu the urine in a 
nnmlier of pathological conditions. 

Clinical Significance, — Globulin uria is nearly always asso- 
ciated with albuminuria, and, indeed, globulin may greatly ex- 
ceed the quantity of albumin present In some cases, although the 
proportion of globulin in the blood is only as 1 to albumin 1.5, 
Globulin is, however^ a more diJTusible funn of proteid than 
albumin, which may account for its proportional excess in the 

* W. Kubue, ErfahrupgcD fiber Albumog^n and Peptone, L Relnlgiipg der 
Peptone vou AIbuma«en, 8cparatabdruck aua der 2eiUcbrift r Blologte, 1^93. 
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urine at times. From the fact already stated, that globulin is 
nearly always associated with albumin in the urine, its clinical 
significance is nearlj' identical with that of albuminuria. In a 
few cases, however, its presence in the urine seems to imply a 
special significance. Thus, globulin is noted in unusual qnanti- 
ties in the urine in catarrhal inflammations of the bladder, in 
acute nephritis, and especially in amyloid degeneration of the 
kidneys. The same is said to be the case in albuminuria asso- 
ciated with digestive disorders. On the other hand, in chronic 
Bright's disease globulin is said to be present in very small 
amount, or even at times absent 

Detection. — 1. Exactly neutralize the urine, filter, and treat 
with magnesium sulphate in substance until it be completely satu- 
rated at an ordinary tem{>erature, or with a saturated solution of 
ammonium sulphate. In both cases a white precipitate is formed 
if globulin be present. In using ammonium sulphate with urines 
rich in urates, precipitation of ammonium urate may ap^)ear. 
These, however, do not immediately appear, but only after some 
time, and thej' may thus be distinguished from the globulin pre- 
cipitate. 

In detecting scrum-albumin in the same urine, heat the fil- 
trate after precipitation of the globulin to boiling, after the 
addition of a few drops of acetic acid. 

2. Qlobulin falls out of solution when the urine is diluted 
until the specific gravity is about 1.002, and upon the above fact 
Roberts suggested the following simple test: Fill a wineglass 
or test-tube with water and let fall into it several drops of albu- 
minous urine. If globulin be present in any quantit}', each drop 
as it falls is followed by a milky streak, and when a number of 
drops have been added the water assumes a milky opalescence 
throughout. The addition of acetic acid causes the opalescence 
to disappear. 

Determination. — The separate determination of globulin and 
albumin may bo accomplished by carefully neutralizing the urine 
and precipitating with magnesium sulphate added to saturation, 
or by simply adding an equal volume of saturated solution 
(neutral) of ammonium sulphate. The precipitated globulin is 
thoroughly washed with saturated magnesium sulphate, or half 
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Sftttirated amnn>nimn-sulplmte solution, dried at 110^ C<, boiled 
with water, extniuteil witli tileoUol and etUer; then dried, weighed, 
and asLied ; then weighed agniti, and tUe weigbt is iLe amount of 
globulin, 

DlFFKBENTlAL TESTING. 

Serum albunim, serum-giobuUn, betero^proteose, deutero-pio- 
teose^and peptone may all be pryaeut in the urine flimultaneoui^ly. 
Thia is very unusual, but in dytibtful eases the only certain 
methcKl 19 to test fur each one in tlje list. The best method of 
doing this b tliat proposed by Halliburton, as follows : — 

1. If the urine give no precipitate on boiling after acidulation^ 
albumin and globulin are absent* If a precipitate occur, albu* 
luiu or globulin, or both, are presenL 

2. If the urine after neutralization give no precipitate on 
saturation with magnesium sulphate, globulin and hetero- proteose 
are absent if such precipitate occur, one or the other is present. 

3. If the urine be satumted with ammonium sulphnte and 
filtered, and the filtrate gives no xanthoproteic or biuret reaction 
(a large excess of potash must always be added)^ peptone is 
absent, 

4* If the urine give no precipitate on boiling after acidu- 
lation, no precipitate with nitric acid, and no precipitate on 
adding aramonium sulphate to saturation, peptone can be the 
only proteid presenL Confirm this by the biuret reaction* 

6. If all proteids are present, they may be separated as fol- 
lows :— 

Sstt urate the uriue (faintly acidi6ed with acetic acid) witb 
ammonium sul[»lmte* A precipitate is produced* Filter* 



Co»t»Inft peptone. 



(<l) PKBGIPITITI* 

Cc>Titalnft Albumin, globuUn, hetero- 
uid deutero* pnileo$e^ 

Collect the precipitate on a filter, wash it with saturated solu- 
tion of ammonium sidpbate, and redissolve it by adding a small 
quantity of water* To this solution a<ld ten times its volume of 
alcohol ; a precipitate is formed ; collect this, and let it stand in 
absolute alcohol for from st^ven to fourteen days. Then filter off 
the alcohol, dr3' the precipitnte at 40"^ C,,ej£tract with water and 
filter* An insoluble residue is left. 

7 
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(6) Extract. 

This cunUdos the proteoiet in sola- 
tion. 



(a) Rbbiduk. 

This cousisU of albumin and globa- 
Ud coagulated by alcohol. 

Hetero-proteose is precipitated by heating the solution to 
65° C, or by saturating a portiou of the extract with magnesium 
sulphate. Deutero-proteose remains in solution. 

Take another portion of the urine, neutralize it, and saturate 
with magnesium sulphate. A precipitate is produced. Filter. 



(a) Precipitatb. 
This coDsisU of globulin and hetero- 
proteoee, which may be separated by 
the prolonged use of alcohol, as above. 



(&) FiLTRATB. 

This contains albumin, deutero-pro- 
teose, and peptone. Add alcohol, as 
above; albumin is rendered, in seven 
days, insoluble in water. The deutero- 
proteose and peptone are soluble, and 
may then be separated by ammonium 
sulphate. 

The reactions of the several protcids in the urine already con- 
sidered may be seen at a glance in the following table, after 
Halliburton. (See next page.) 

n.£M0OL0BINURIA. 

Haemoglobin, the red pigment of the blood, is a somewhat 
remarkable compound in that it contains iron, is intimately asso- 
ciated with a proteid, and gives the proteid reaction ; it is hence 
non-diffusible, but yet is crystalline. It exists in the blood in two 
conditions, — in arterial blood it is termed oxyhsemoglobin, being 
charged with oxygen; in venous blood it is deoxygenated or re- 
duced haemoglobin. Hseraoglobin belongs to the group of blood- 
proteids, which yields as cleavage products small amounts of vol- 
atile fatt}' acids with about 96 per cent, albumin and about 4 per 
cent, hsemochromogen, containing iron, which, in the presence of 
oxygen, is readily oxidized into hsematin. Haemoglobin prepared 
from different kinds of blood has not always the same constitution , 
indicating the probable presence of different haemoglobins. This 
is further shown by the facts that the products obtained from dif- 
ferent kinds of blood in many cases differ in solubility and crystal- 
line form and possess a varying quantity of water of crystallization. 

The Clinical Signifloanoe. — The blood-pigment, haemoglobin, 
sometimes appears in the urine without the appearance of any 
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corpuscles associated therewith, as was first shown by Pavy. 
This is always the result of the destruction of the blood-cor- 
puscles in the circulating stream. The haemoglobin thus liberated 
is thrown out by the kidneys and appears in the urine. This may 
be produced by injection into the circulation of substances which 
act as solvents of the corpuscles, such as gl^'cerin, solutions of 
the bile-salts, distilled water, and the injection of the blood of 
one animal into another. Similar results follow in cases of 
poisoning with arseniuretted hydrogen; hydrochloric, sulphuric, 
carbolic, and pyrogallic acids; phosphorus, and potassium chlo- 
rate. In certain diseases, notably pyaemia, typhus, scurvy, fat- 
embolism, in some cases of jaundice, and after extensive burns, 
haemoglobin uria often results. The most interesting and marked 
pathological condition in which haenioii:iobin appears in the 
urine is the disease known as paroxysmal hsemoglobinuria, which 
will form the subject of special consideration in a subsequent 
section of this work. 

Detection. — 1. Solutions of haemoglobin may be determined 
by spectroscopic examination with great precision. They 
strongly absorb the rays lying between D and E. In a proper 
dilution the solution shows a spectrum with one broad, not 
sharply-defined, band. This band does not lie in the middle, 
between D and Ej but is toward the red end of the spectrum, a 
little over the line D. 

2. Ouaiacum Teat, — Mix in a test-tube equal volumes of 
tincture of guaincum and old turpentine which has become 
strongly ozonized by the action of air under the infiuence of 
light. To this mixture, which must not have any blue color, add 
the urine to be tested. In the presence of haemoglobin, first a 
bluish green, and then a beautiful blue ring appears where the 
two liquids meet. On shaking, the mixture becomes blue. Nor- 
mal urine, and albuminous urine, do not give this reaction. 
Urine containing pus also gives a blue color with the above re- 
agents ; but in this case the tincture of guaiacum alone, without 
the turpentine, is colored blue by the urine. The blue color 
produced by pus differs from that produced by haemoglobin by 
disappearing on heating the urine to the boiling-point. 

Urines, if alkaline from decomposition, must first be made 
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faintly acid before *pplj'ing this test. The turpentine should he 
kept exjwsed to the light, while the guaiacum sbauld be kept in 
a dnrk-gtass bottle, 

3- Heller^E TesL — If a neutral or fain tlj-acid urine eontainiDg 
liipmoglohin be heated to boiling, there is obtained a mottled 
precipitate of albumin and hBematin, If caustic soda be added 
to the boiling-hot teat^ the liquid l)ecoines clear imd turns green 
when examined In thin layers, and a red precipitate, appearing 
green by reflected light, re-forma, which consists of earthy plios- 
phates and hfiematlu. 



PiBEINtraTA. 

Fibrin is a whitish, stringy solid when fresh^ but upon 
dr3iDg it becomes of a grayish color. It is feebly soluble in 
6*i>er*oeiiL solutions of potassium nitrate, in 5* to 15-per-cent, 
solutions of sodium chloride, In 5- to lO-per-cent. solutions of 
njaguesiuiij sulphate; and in solutions of other neutral salts, 
such as sodium sulphate and ammonium sulphate, most iciidily 
at a temperature of 40^ C, It is ins<jluble in wtiter^ alcohol, and 
ether. It swells up in weak hydrochloric-acid solutions (0.2 per 
cent.), and also in sodium or potassium hydrate solutions (0,2 
per cent,), into a gelatinous mass. Stronger acids slowly dis- 
solve Obrin with the formation of acid albumin (syutonin) and 
albumoaes. 

Digesti%'e ferments act readily on fibrin. Thus, pepsin in an 
acid solution and trypain (from the pancreas) in an alkaline 
fiolutiou cause, in the first place^ a splitting up of tlie fibrin into 
two globulins^ one coagulating at 56^ C, the other at *lb^ Op 
Then the formation of albumoses and peptones follows. 

Fibrin separates on the so-called spontaneous coagulation of 
the blood » ljmi>h, and transudations. 

Clinical Significance. — Fibrin may appear in the urine from 
various causes, either in solution or in coagulated flakes or masses. 
In the urine flltrin constitutes the basis of the so-called coagu- 
lable urine, which, upon standing some time, forms the fibrinous 
coagula. The quantity of fibrin present in the urine determines 
the extent of coagulation j sometimes only n sticky sediment 
forms at the bottom of the Tessel ; more rarely the coagulation 
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involves the whole volume of urine, converting it into a stickyi 
gelatinous mass. This form of fibriuuria is seldom met with in 
the United States, but it occurs frequently as a special form of 
disease in Brazil and the Isle of France. 

Fibriuuria, as it occurs with us, uniformly indicates that an 
exudation of fibrinous fluid — blood-plasuia — has gained access 
to some part of the urinary tract. In most cases it comes from 
the kidneys, although it may result from intense inflammation 
of the lower urinary passages. It is often associated with 
haemorrliages into the urinary tract, and it has been observed 
frequently in cases of villous tumors of the bladder. 

It is im|)ortant to distinguish between fibriuuria and those 
cases of pyuria in which large quantities of pus are present in 
highly-alkaline urine. In cystitis of long standing the ammo- 
nium carbonate resulting from bacterial decomposition of the 
urine may form with pus a gelatinous, sticky mass, which may 
be readily mistaken for fibrin coagulum. Such a urine, however, 
is thinned by the addition of water, and, moreover, if treated 
with acetic acid, a white precipitate falls, consisting of alkaline 
albuminate. 

Detection. — The coagulum should be separated by filtration 
and washed with water, when it will show the following char- 
acters: — 

1. It does not dissolve in water, but it swells up in 1-per-cent 
solutions of hydrochloric acid, and is only dissolved when pepsin 
is added. 

2. Separate the coagula from the urine by filtration through 
fine muslin, and wash with cold water. Treat a part of the 
mass with dilute solution of sodium hydroxide; if insoluble 
upon long standing, the indication is that it is fibrin, since albu- 
minous bodies dissolve in sodium-hydroxide solutions. Treat 
another portion of the mass with a 1-per-cent. solution of sodium 
carbonate. Fibrin dissolves completely in this solution if 
warmed gently several hours on a water-bath. This solution is 
then altered and treated with Millon's reagent, when a deep-red 
coloj is produced. 
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NUCLEO-AI^UMIN (MuCtN?), 

It bas been well known that a substance exiats iii nearly 
every normal urine tUtit is precipitated by acetic acid, iDeolubie 
in the latter in exoess, but soluble in strong mineral acids, Tbe 
mtiGoid appearance of this nrinary proteid led to its long being 
known aa mucin. More recent investigations, however, liuve 
denionst rated that it does not yield a reducing substance on 
hydrolysis^ while, on the other band, it is rich in phosphorus. It 
has, there fore, of late been cnatomary to look upon this body as 
nncleo-alburain. While it is probably true that minute quanti- 
ties of nucleo-proteid derived from the cells of tbe nrinary pas- 
sages are seldom, if ever, absent from the urine, it has, on the 
other band, been shofvn by recent researclies made npon large 
quantities of urine, that the precipitate given b}* acetic acid con- 
tains small qnautitics of ordinary mucin, or phosphorous-free 
mucoid, as well as nucleo-proteid* Tiie truth appears to be, 
therefore, with regard to nucleo-albumin and mucin, that they are 
both constituents of normal urine. In the majority of cases the 
amount of these substances in the urine is very minute — so minute, 
indeed, that it ia difficult to demonstrate their presence. In cases 
of irritation of the nrinary passages, catarrhal infiammntion 
attended by free exfoliation of epithelial cells, and in certain 
febrile conditions of tlie system there may be great increase of 
one or both of these substances in the urine* The mucin of tbe 
nrine has its origin in the nrinary passages, notably the lower 
ttuct and especially in the bladder ; it never originates from the 
klduejs (which are devoid of muciparous glands), much Iej4s fn>m 
the blood. Nucleo-albumin of the urine, for tbe most part, origi- 
nates from the epithelial cells throughout the urinary tnict^ 
through some loss of integrity of the cells wliereliy the 
protoplasm yields to the macerntLug influences of the salines eon^ 
tained in the urine^thus effecting more or less solution. Nucleo- 
albumin and mucin have doubtlesa lent conHiderable confusion 
to a number of the methods of teating for albumin in the urine, 
notably in tlioBe tests requiring previous acidification oT the 
urine with acetic acid. This is evident from tiie fact that both 
mucin and nucleo-albumin are precipitated by acetic acid. The 
author has previously tailed attention to the fact, however, that 
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by charging tbe urine witb a concentrated saline (sodium cblo- 
ride) before tbe addition of tbe acid, botb these bodies are sub- 
sequently held in solution in the presence of botb acetic acid 
and beat. Likewise witb tbe ferrocyanic test ; if the reagent be 
added first to the urine it acts as does tbe saline, and holds these 
bodies in solution so that they are unatfected by subsequent 
addition of the acid. 

Detection and Distinction. — To detect mucin in the urine, 
the urine should first be diluted with water, otherwise uric acid 
may be precipitated upon addition of the acid. The dilution 
also reduces tbe solvent influence of tbe salts of tbe urine over 
the mucin. After dilution add an excess of acetic acid. The 
precipitate may be purified by dissolving in water with a little 
sodium hydrate and reprecipitated by acetic acid. To distin- 
guish nucleo-albumin from mucin tbe precipitate must be bo led 
witb a dilute mineral acid, and, if no reducing substance is found 
by this means, mucin is absent. Olfs method of detectinc: 
nucleo-albumin in the urine is as follows : To tbe urine is added 
an equal quantity of saturated salt solution, and Alm^ns^s tannin 
solution^ is slowly added. If nucleo-albumin is present, even in 
small amount, an abundant precipitate will appear. 

'Alm6n8'i UddId solution U compoeed of taDnin, 5 j^rammes; 25-per-ceDt. 
acetic acid, 10 cubic centimetres ; 40-per-ceDt. methylated spirit, 340 cubic centi- 
metres. 
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OARBOHYDRATES. 

The carboliytl rates reseiiible one another in tlieir cheiDical 
compoi^ition^ in uU contaiiimg 6 atoms of carbon,, or a multiple 
thereof, They also rei^euible one anotUer in their clitmical chur- 
acters, being neutral in reaetioii, not prone to enter into combi- 
nations^ and, with the exception of iuosite, tbey all possess a 
strong rotatory power over polarized light. 

A number of carbohydrates are met witli in the nrine, — %'iz,, 
glucose, levuiose, Jactose, inoaite, etc, — but the chief clinical 
interest with regard to this class of com pounds at present 
belongs to grape-sugar. 

Glycosuria. 

Grape-sugar, or dextrose^ in its pure form crystallizes in 
rhombic tablets, is soluble in its own weight of water, and gives 
a dextro-rotatory^ power over polarized light of =:= + 66^ (Hojipe- 
Seyler). Its sohitions become brown when boiled with liquor 
potassmf but with picric acid a dcejj maluigany red* In alkaline 
solutions it reduces salts of silver, bismuth, mercury, and cop- 
per; with the first three the metal is precipitated, while with the 
last cupric are reduced to cuprous compounds with separation 
of cuprous oxide. Faintly-alkaline solutions of grape-sugar, 
colored blue by indigo, when boiled exhibit a beautiful color re- 
action, beginning with violet and ending in yellow. With solu- 
tions of sodium acetate it reduces phenybbydrazin hydrochloride 
to phenylglucosazone, forming highly characteristic and beau- 
tiful, golden-yellow, acicular crystals. 

Gra|)€-suarar exists in minute quantity in normal blood, 
varying cinefly with the functional nctivity of the liven In 
some abnormal states of the system the amount of sugar in the 
blood becomes markeilly increnfted^ reaching its maximum — 
about ^ per cent* — in the more pronounced diabetic conditions. 

The ardently-disputed question if sugar be present in normal 
urine seems to have been conclusively settled in the affirmative 

(99) 
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throagh tbe researches of Wedenski (see Section II), althougb 
this is by no means universally conceded. Clinically speaking, 
this question is one of minor importance, since, if sugar be 
present in normal urine, it exists in such exceedingly minute 
quantity that it is unrecognizable by the ordinary methods of 
testing, and such quantities give rise to no marked clinical 
symptoms. 

Clinical Signiflcanoe. — Glycosuria may appear as a temporary 
condition in the course of a number of diseases, as cholera, 
intermittent fever, scarlatina, gout, cerebro-spinal meningitis, 
diseases of the lungs, liver, and the brain, especially if involving 
the fourth ventricle or vicinity. The administration of certain 
drugs and toxic substances causes the appearance of sugar in the 
urine, such as curare, carbonic oxide, amyl nitrite, methyl- 
delphinin, morphine, chloral, hydrocyanic acid, sulphuric acid, 
mercury, alcohol, strychnine, salicylic acid, turpentine, uranium 
nitrate, benzol, acetone, and phloridzin. Recent investigations 
have shown, however, in some of these cases, that the toxic 
agent merely causes the appearance of reducing agents ^ in the 
urine other than sugar. 

Glycosuria may be produced experimentally by various lesions, 
as follows : By puncture of the floor of the fourth ventricle of the 
brain ; injury to the vermiform process of the cerebellum ; sec- 
tion of the spinal cord in different locations ; destruction of 
various sympathetic ganglia; section of the splanchnic nerves; 
irritation of the vagus ; section and stimulation of the central 
end of large motor nerves, as the sciatic ; and by total extir- 
pation of the pancreas in dogs. In addition to these, experi- 
mental glycosuria may be induced by measures which cause 
increased determination of blood to the liver, as b}' tying the 
accessory branch of the portal vein in animals, irritation of the 
liver by needle-punctures, compression of the aorta, etc. 

Glycosuria in mild form may occur from disorders of the 
stomach, and, in some cases, the overingestion of starchy and 
saccharine foods will cause the appearance of sugar in the urine. 

Glycosuria, however, of pronounced and persistent form 

^ UsiuUygljcaroiilc tcld. 
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belongs to tbe province of diabetes mellitus^ and may always be 
regarded as Bymptoiiiatic of grave defects either in the brain, 
livefj or pancreas. In 3'oung subjects the disease h almost unl- 
fo roily progressive toward a fatid tt^rmi nation in from a few 
months to four or five yi?ar3^ uotiibly so with patients nnder 20 
years of age. During the middle period of life the disease ia 
often less severe and less fatal. After the age of 50 it is often 
mild and amenable to treatments Persistent glycosuria is the 
most constant anti certain of all the symptoms of diabetes 
mellitiiSf being, in fact^ sometimes the only eymptom of the 
disease, and herein lies its great value for diagnostic pur* 
poses. It, therefore, becomes highly essential to be able to 
readily detect the presence of sugar in the urine, since diag- 
nostic data of the most positive uatnre often hinges upon this 
point alone. 

Defection of Sugar in the Urine,— The most popular method 
of searching for sugar in the urine lias, heretofore, been by 
means of the copper tests. These all depend upon the fact, 
already noted, that In atronglyalkaline solutions grape-sugar 
reduces cupric oxtde to lower grades of oxidation* 

L Trommer^s Teat,— This test may be conveniently per- 
formed as follows: About 1 drachm of urine, in an ordinary 
test-tube, is fln?t treated with sufficient cupric-aulphate solution 
to render the urine a light-green color; then an efprnl volume of 
liquor potassce is added. At first a blue precipitate of hjd rated 
cupric oxide results, which dissolvea npon shaking the tul^e, 
forming a beautiful, clear, blue solution. If nliowed to stand 
half an hour or so, reduction gradually takes place, especiaUj if 
much sugar be present, resulting in precipitation of yellow or 
yellowish-red suboxide of copper (cuprous oicide). If, insteiLd 
of standing half an hour, gentle heat be ap|>liedt tliis teat be- 
comes more delicate^ and reduction, moreover, occurs at once. 

This test is open to two objectioni: (a) If it be not auV 
mitted to boiling it is not very sejisitire, only detecting sugar 
when present in considerable quantity, (b) If boiled especially 
long the test is rendered oversensitive, so that reaction may 
occur with substances in the urine other than sugar. The power 
of reducing cupric oJiide in alkaline solution is possesaed, to 
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a feeble degree, by a number of substances^ in both normal and 
abnormal urine, and in Trommer's test tlie quantity of urine sub- 
mitted to the copper solution is relatively large, which greatly 
increases the chances of redaction by non-saccharine agents. 

2. Fehling^B Solution, — This solution is best prepared as fol- 
lows: (1) 34.64 grammes of pure crystallized copper sulphate is 
dissolved in about 300 cubic centimetres of distilled water by the 
aid of gentle heat, and (2) 180 grammes of crystallized potassium 
sodium tartrate (Rochelle salt) together with 70 grammes of 
caustic soda, or 100 grammes of caustic potash, is likewise dis- 
solved in about 300 cubic centimetres of warm distilled water. 
When cold the two solutions are mixed and the resulting dark- 
blue liquid made up to 1000 cubic centimetres with distilled 
water ; or, what is generally better, the two solutions are each 
made up to 500 cubic centimetres and kept separate until the 
test-liquid is needed for use, when carefully-measured equal vol- 
umes of the two are mixed. Whether prepared in one solution 
or two, the liquids should be kept in well-stoppered bottles in a 
dark, cool place, in order to reduce as far as possible the spon« 
taneous decomposition they are liable to undergo. Apply by 
placing about 1 drachm of the solution in an ordinary test-tube 
and boiling. If the solution remain clear, add the suspected 
urine a few drops at a time, continuing the boiling. If sugar be 
present the solution assumes an opaque-yellow color, and shortly 
after a dense j^ellowish-red sediment falls to the bottom. Should 
no change occur, the addition of urine may be continued until 
its volume equals, but must not exceed, the volume of the test. 
In addition to the fact that Fehling^s solution slowly undergoes 
spontaneous decomposition, Seekamp' has shown the instability 
of tartaric acid in aqueous solution on exposure to light; and, 
moreover, Fenton' has demonstrated that its oxidation takes place 
in the presence of iron and alkali. Again, very recently M. L. 
Jovitschitsch has shown^ that alkaline copper solution freshly 
prepared according to Fehling's formula deposits cuprous oxide, 

' Chiefly uric acid, creatin, creatiolD, bippuric acid, hjpozanthiD, tannin, 
carbolic acid, alkaloids, and glycuronic acid. 

• Ann. Chem. (Liebig), 278, 878 ; also Rotto, BerichU, 18W, 27, 799. 
' Jour. Chem. Soc. (London), 1894, 899 ; 1896, 546 ; 1897, 875. 

* BerichU, 16, 88, 2481. 
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either at ordinary temperature or wlien heatecl^ if it lias been 
partiAlly neutfalized with anlphunc acid, hydrochloric acid^ or 
nitric acid. This result he ascribea to decomposition of the 
turtrates present in the liquid* Fiiuilly, Tiu^le has reviewed and 
eonfirtned these observations,* aud^ moreover, adds: *'Purdy's 
formula is not thus affected by the presence of mineral acids. 
Specimens treated in the same manner described by Jovitschitscli, 
both at ordinary temperature and at the boiling-point, gave no 
sign of redaction. The reduction of Purdy'a formula is shown 
by the weakening or complete discharge of tiie blue color, and not 
by the production of a precipitate, as in the case of Fehling'a solu- 
tion ; and it may be kept indefinitely without undergoing change.** 

The author desires it to be distinctly understood that he does 
not advise the use of his formula for qualitative work, but onlj^ in 
quantitative determination of sugar, for which it was designed, 

3, Saines^s TenL — The best form of copper teat for sugar, 
qualitatively, is that devised by Prof. Walter S. Haines, of 
Chicago. The original formula for this test is as follows : Pure 
cupriG sulphate, 30 grains; pure glycerin, 4 drachms; caustic 
potash (in sticks), 3 drachms; distilled water, to 6 ounces, 
The solution is prepared b}' dissolving the cupric sulphate ajul 
glycerin in part of the water and the caustic potash in the 
remainder. Mix the two solutions. 

For purposes of greater convenience, Professor Haines hiis 
recently simplified this formula, as follows: Take pure copper 
Bulphatef 30 grains; distilled water, ^ ounce; make a perfect 
solution, and add pure glycerin, | ounce; mix thoroughly, and 
add 6 ounces of liquor potassm* 

In testing with this solution, take about 1 drachm and 
gently boil it in an ordinary test-tube. Next add from 6 to 8 
4f0p(^ — not jiiore — of the suspected urine, and again gently boil. 
If sugar be present, a copious yellow or yellowish-red precipitate 
is tlirown down. If no such precipitate appear, sugar is absent. 
Th*s test is stable, and, though kept on hand indefinitely, it may 
always Ije depended upon to be in order for testing. 

With regard to the copper testa in general: It is important 
to bear in mind that, if boiling be continued too long, slij^ht 

'Amerkaa Cliemical Journal, toL xi, No. 2, Februnrj, iSflfl. 
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reduction is apt to occur with the urine, even when free from 
sugar, as evidenced by a slight greenish (not yellow) opacity ; 
about half a minute should constitute the usual limit of boiling. 
It should also be borne in mind that strongly alkaline solutions 
are apt to precipitate the earthy phosphates of calcium and mag- 
nesium of normal urine in the form of a grayish cloud, which 
should not be mistaken for sugar. Albumin, if present in more 
than traces, reduces the delicacy of the copper tests, and should, 
therefore, first be removed by slightly acidulating with acetic 
acid, boiling, and filtering. 

4. The Fermentation Test. — This test depends upon the fact 
that grai)esugar is decomposed in the fermentation set up by 
yeast, yielding alcohol, carbon dioxide, succinic acid, and a 
number of other products, with resulting decrease in the specific 
gravity of the urine. The following is the method employed : 
Fill an ordinary test-tube half full of mercury and the remain- 
ing half with the urine to be tested, and introduce into the 
urine a small piece of German yeast. Next close the mouth of 
the test-tube with tbe thumb and invert over a small vessel 
of mercury, and set aside in a warm room for several hours. 
If su}>;ar be present fermentation proceeds at once, liberating 
carbonic-acid gas, which collects in the upper end of the tube, 
displacing the urine and mercury more or less, according to the 
quantity of sugar present. One precaution should be observed. 
Some specimens of yeast spontaneously evolve gas, and it is, 
therefore, best to perform a parallel experiment with yeast 
mixed with water, so that the spontaneously evolved gas may 
be estimated. 

This test will detect sugar, if present in considerable quan- 
tity, — 1 per cent, and over, — but the capacity of the urine itself 
for absorbing carbonic gas renders this test uncertain in detect- 
ing smaller quantities of sugar. The more serious disadvantage 
of this test for practical work is the fact that it requires several 
hours to complete the analysis. 

5. The Bismuth Test. — Sugar possesses the power of re- 
ducing bismuth salts with resulting black precipitate, and upon 
this fact Bottger first suggested the following simple test: First 
add to the urine an equal volume of liquor potassse and then a 
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little basic nitrnte of bisniutli. Gently boil the whole, ivnd if 
sugar be present the test turns gray or blacky according to the 
amount of sugar i^resent. 

Truces of eulpliur, which are often present in the urine, cause 
the same rcitction with this test as does sugar. For the above 
reason^ albumiu, if present, muet be removed before applying 
this test. 

In order to elimhmte the errora due to the presence of 
sulphur, Brucke suggested the following improvement of the 
bismuth test: Fill a test-tube half full of the suspected urine 
and another with a similar volume of water^and stand them side 
by side. To the one containing water add hydrochloric acid 
nntil a drop of Frohm's reagent* no longer produces a cloudiness. 
By this means an approximate estimation may be made of the 
quantity of hjdrocliloric ac^d wliich should be added to the 
mine. Acidify the urine with such quantity of hydrochloric 
acid, add the reagent, and filter. The filtrate, which should now 
remain clear upon adding hydrochloric acid, or the reagent, 
should be boiled witii an excess of potassium or soil ium hydrate, 
as in Bottger'a method; and, if a gray or black color result^ 
sugar is present. 

6, Phenyl-hydratin Test — This test, suggested by Fischer, 
depends upon the power, possessed by phenybhydrazin hydro* 
uhloride, of forming with grape-sugar a highiy-characteHstic 
crystalline compound, termed phenyiglucosazone. Tlie best 
metliod of applying this test is as follows: To 25 cubic centi- 
metres of suspected urine add 1 gramme of phenyl-bydrazin 
hydrochloride, 0.75 gramme of sodium acetate, and 10 cubic 
centimetres of distilled water in a capsule. The capsule shouhi 
be placed in a watBr-balh and warmed at least an hour, then re- 
moved and allowed to cool; and if sugar be present even in 
minute quantity, there forms a yellowish deposit, which may a(>- 
pear amorphous to the naked eye, but which, when examined 
under the microscope, la seen to contain fine, bright-yeitow, 
needle-like crystals, either single or in stars — pkeni/lghwomione^ 



'■ Frolim*B rcag^etit U prvpured bj ralxtrif L5 grammeft of frea.htj-pfc<!t|iLtated 
bliniuth iubtif tr»t* with 20 gmiu mes of water, heated to bolUng ; then Tgrammei 
of pot««alam Iodide Aud 20 drops of bjdrocblortc acid are added. 
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— which melt at 204° C. (Plate IV). The presence of small or 
large yellow scales or powerfully-refracting brown spherules 
must not be taken for evidences of sugar, as only the bright- 
yellow, needle-like crystals are conclusive.^ 

Y. Jaksch applies this test as follows : 2 parts of phenyl- 
hydrazin hydrochloride and 3 parts of sodic acetate are placed 
in a test-tube with 6 to 8 cubic centimetres of urine. If the 
salts do not dissolve on warming, a little water is added and 
the test-tube is placed in boiling water. After twenty minutes 
it is removed to cold water, and, if sugar be present, the char- 
acteristic crystals are soon deposited. 

This test gives very trustworthy results with every variety 
of morbid urine, and is therefore equally applicable whether 
albumin be present or not. It gives no reaction with uric 
acid, urates, creatin, creatinin, oxybutyric acid, urochlonilie 
acid, uroxanthic acid, tannin, morphine, salicylic acid, or 
carbolic acid. 

A number of other tests have been proposed for the detec- 
tion of sugar in the urine, among which may be mentioned: 
Boiling with sodium or potassium hydroxid (Moore), picric 
acid (Johnson), acetate of lead and ammonia (Rubner), 
ali)ha-naphthol and thymol (Molisch), indigo carmine (Mulder), 
bichloride of tin (Maumene), chromic acid (Hunefeld), diazo- 
benzol-sulphonicacid (Penzoldt), and sulphuric acid (Runge). 
None of the above tests possess special advantages over those 
already described, while, on the contrary, most of them are 
greatly inferior. 

In addition to these, tests for sugar are prepared in paper 
form, by charging chemically-inert filtering paper with sodium 
carbonate and indigo carmine. The chief merit of these papers 
is their portability, since they are neither sensitive nor trust- 
worthy in detecting sugar in the urine. 

Testing for Sugar in the Urine. — In searching for sugar in 
the urine, a test should, if possible, be selected which is simple 
in application, reasonably trustworthy, and perfectly stable, so 

'In manipulating the phenyl-hydrazin hydrochloride caution should be 
observed not to get it on the hands, as it often causes troublesome eczema of 
very acute grade. 
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that it may be depended upon when requiredj in routine work. 
In these respects Haitiea's test is very 8ftti9ractor5% 

Before submitting tUe urine to reagents always thoroughly 
cleanse all of the uteDsils to be employed in the analysis. la 
the use of the copper tests^ always employ a minimal amount 
of urine at fir&t^ gradually increasing until reaction is obtained 
or the stated Hmit of urine be reached. This method greatly 
diminishes the chances of reduction by other substances in 
the uriue than sugar, and, moreover, it gives a rough idea of 
the quantity of sugar when present. Thus, if HaiDes'a test be 
selected, after gently boiling a drachm of the solution add 2 or 
3 drops of urine; then wait a moment, to see if reduction occur^ 
before adding more urine, meantime continuing the boiling; if 
no reaction occur after a few seconds^ add 2 or 3 more drops of 
urine, and so on until 8 drops be added, but no more. 

If Fell ling's solution be employed, gently boil a drachm of 
the test and, if it remain clear, add but a few drops of the sus- 
pected urine; then pause for a moment, continuing the boiling, 
and, if no reaction occur, add a few more drops of urine, and so 
ou. If no reaction occur, continue the addition of urine until 
the volume thereof equals that of the test^solution, but not 
mQre, 

If any doubts arise as to the presence of sugar in the sus- 
pected urine, after the application of a routine test, an appeal 
should l>e made to one or more of the others described. For 
such purpose the phenyl-hydrazin test is desirable above all 
others, both because of its exceeding delicacy and its property 
of reacting with practically no substances in the urine other 
than grape-sugar. 

Determination of Sugar in the Urine.— Having detected the 
presence of sugar in the urine, it becomes all important to deter- 
mine its quantity in all cases, because (a) such knowledge fur- 
nishes the most precise evidence of the grade and severity of 
the diseased state upon which it depends; (h) it furnishes the 
most solid basis upon which to construct the diagnosis; (c) it 
gives the most trustworthy evidence as to the results of treat- 
ment. 

1. The Fermentation Method. — The best reaulta are reached 

f 
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With this test after the method suggested by Koberta.^ It hat 
already been stated tbat gmpe-sugar is deconrposed in the fer* 
mentation set up hy yeastj yielding alcohol, carbon dioxide^ and 
a number of other products, with resulting decrease in the spe- 
cijic gravity of the urine* Each degree of specific gravity lost 
ill lermentation conespouds to I grain of sngar [>er flnidounce* 
Thns, if before fermentation the specific gravity of the urine 
be L040, and after fermentation it be L020^ it will have contained 
20 grains of sugar per ounce. The method advised by Rolferts 
is as follows : About 4 ounces of saccharine urine are put into a 
13'Otmce bottle, and a lump of German yeast is added to it 
The bottle is then corked with a nicked cork (which permits the 
escape of the carbon dioxide) and set aside , in a warm place, to 
ferment. Beside this is placed a tightly-corked l-ounce bottle, 
filled with the same urine , but without any contained yeast 
In about twenty-four hours tiie fermentation will have ceased. 
The fermented urine is then decanted into a urine glass and 
its specific gravity is taken; at the same time the den- 
sity of the unfermented urine in the companion bottle is 
observed and the density lost ascertained. The degrees of den- 
sity tost represent the number of grains of sngar in each fl aid- 
ounce of the urine tested. The percentage may be approsi- 
mntely ascertained by multiplying the number of degrees 
lost by 0.23. 

The chief objection to this method for clinical work is the 
fact that It requires from eighteen to twenty-four hours to com- 
plete the analj'sis. 

2. The Atithor^s Method. — The formula for the author's 
standard solution is as follows: Pnre cupric snlphate, 4.752 
grammes; potassium hydroxide 23,50 grammes f strong am- 
monia (U.S. P,; ep. gn, 0,9), 350 cubic centimetres; glycerol, 
38 cubic centimetres J distilled water, to 1000 cubic centimetres 
(1 litre). Prepare by dissolving the cupric sulphate and glycerin 
in 200 cubic centimetres of distilled water with the aid of gentle 
heat In another 200 cubic centimetres of distilled water dis- 
solve the potassium hydroxid. Mix the two solutions, and when 
cooled add the ammonia. Finally, with distilled water bring the 

' E^lnbur^h MouLblj Joamol, October^ 1861. 
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volume of the whole to exactly 1000 cubic centimetres (1 litre). 

The principle of the teat dopeads upon the fact that, in the re- 
duction of ciipric oxide in solutions of defiutte strength hy 
grape-sugar, the blue colonition disappenrs by tulditiou of a 
dt.* finite quantity of grape-sugar — 35 cubic centimetres to 0*02 
^raiiitne of sngar-^without any attendant precipitiite, bnt 
It^aving the reduced solution pert^ctly transparent and colorless. 
Thirty -five cubic centimetres of tbm solution are reduced by 
exactly 2 centigrammes (0.02 gramme) of grape-sugar. 

The analysis is best conducted as follows ; Have on liand a 
glass flask (150 or 200 cubic centimetres* capacity), an ordinary 
retort-stand, ft 10-cubic-centimetre finely-graduated burette, and 
a large spirit-lamp or Bnnsen burner. Proceed by measuring 
acciirately 35 cubic centimetres of the test-solution into the flask, 
add water to nearly half^fill the flask, and bring the contents 
thereof to the boiling-point. Fill the burette with the iinne to 
be tested and slowly discharge the mine into the boiling test- 
solution, drop by drop, until the blue color begins to fade; then 
stm more slowly^ three to five seconds elapsing after each drop, 
until the blue color completely disappears and leaves the test- 
sol ution perfectly transparent and colorless. The n umber o f cubic 
centimetres required to discharge the blue coloration in 35 cubic 
centimetres of tlie test contain exactly 2 centigrammea (0 02 
gramme) of sugar.^ The following, therefore, is the percentage 
relationship of reduction of the test ; If it require 2 cubic centi- 
metres of urine to reduce 35 cubic centimetres of the testes ol ution, 
there is present exactly 1 per cent, of sugar; if it require but 1 
cubic centimetre of urine to reduce the 35 cubic centimetres of 
test*solution there is present 2 per cent of sugar; if it require^ 
cubic centimetre of urine to reduce the test^ there is 4 per ceuL 
of sugar present; but if it only require | cubic centimetre of 
urine to reduce the 35 cubic centimetres of test-solution^ B per 
cent, of sugar is present. 

The best results are reached by first diluting the urine before 



^ It wUl be aote^i afUr leiil»gt that upon st&DdiDg iome ttme the test.4o1tt* 
tion ftlowly peiumeB the blue cqlor mgaJa. TbU b due to fe-i>xiaatloti, which ta 
lomeivh&t rapid T and ihauld oat b« mlalaken for imperfect reductloo or defeet 
in the te8t-«olutloiL. 
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titration. Of course, any dilution may be employed and the 
result multiplied by the number of dilutions. If the quantity 
of sugar be very large (over 5 per cent.), 3 volumes of water 
and 1 of urine will prove best, and multiply the product by 4. 
If the quantity of sugar be small (2 per cent, or less), I volume 
of urine to 1 of distilled water is better, and multiply the 
result by 2. 

Those who find it more convenient to work with the En- 
glish weights and measures may obtain the same rapid and 
accurate results by using the following formula and methods : 
Foimula — pure cupric sulphate, 44 grains ; potassium hy- 
droxid, 214 grains; strong ammonia (U. S. P.; sp. gr., 0.9), 
9 fluidounces; glycerol (pure), 6 drachms; distilled water, to 
20 ounces. 

Prepare by dissolving the copper sulphate and glycerin in 4 
ounces of distilled water, with the aid of gentle heat. In another 
4 ounces of distilled water dissolve the potassium hydroxid. 
Mix the two solutions and cool to 65^ F.; then add the am- 
monia. Finally, with distilled water bring the volume of the 
whole to exactly 20 ounces. Ten drachms of the above solution 
are reduced upon boiling by exactly ^ grain of sugar. The test is 
conducted in the same manner as described in the metric system, 
save that a minim burette is substituted for the cubic-centimetre 
burette, and the result is reckoned in grains instead of grammes.^ 
The best results are obtained by diluting the urine with 2 volumes 
of distilled water before titration ; then the number of minims in 1 
ounce (480) are divided by the number of minims of diluted urine 
it takes to reduce the 10 drachms of the test, and the product is the 
number of grains of sugar present in each ounce of urine tested. 

Example, — If 48 minims of diluted urine (1 to 2) reduce 10 

drachms of the test-solution, there are just 10 grains of sugar 

per ounce : — 

480 ,^ 

— - = 10 grains of sugar. 



'Messrs. Richards & Co., of Chica^ and New York, prepare and keep 
in stock this test, both in metric and English weights. They also manu- 
facture and keep in stock the burettes in both systems, for conducting titration 
with this test 
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If it be desired to know tbe percentnge*a mount of sugar 
present, divide tbe number of grains of sugar per ounce bj 1.8, 

Tbe detection mud deteriDlnattoD of su^r by mean a of the copper t««f« U a 
rimtUr of torae historlcii UitereBt. Troinnier iin»t pmttOfied la 1841* to dcteet the 
pree«|]ce of sug^«r lu tbe urlue by meaoB of tU reducing power over cupHc oxide 
Id Btrongly-aUcaUne iolutlout. About eerenteen yeart later FehUngf proposed* 
the formula that bearg lila name aa an improvemeiit od Tfommer^s tint, aud iub- 
iequeptly this became a meaiii of quauLltattve detertnitiatlon by applying tbe 
titratlou method tberi^to, and tbb became aliDoat utitveraaHj fltaQdard for tbe 
purpCiSfl lox many yeata. Ultlmatelyf 
however, it became well know a that 
Fehllngf'a formula waa fAultily con- 
atnicted, owing to the lugUUllly of 
Ita coEitalDed tartaric aalU. Lat^f OB, 
Schmiedeburg proposed to remedy tbia 
detect by aubatituting for the tartrate 
pure matin I be. Thb Aomewhat Im* 
pmr<idf but by no toeans corrected, 
the luetablUty of the test^eolutioo, and 
accordingly Pary again modified Feb- 
llng*i original formula, subfititntlng 
potasaium hydroxld for aodium hy- 
droifld^ and furthermore divided the 
teat into two soluttou», keeping each 
Bolutkm acparately until required, at 
foUowa :^ 

1. Neutral potaealum tartrate, 640 
gralni; pota&alum bydroild^ 12dO 
grains ; water, 10 ounces. 

2. Cuprlc sulphate, 3S0 gtalna; 
water, 10 ounce*. 

Later on Pavy* propoied to keep 
the elements of Uie two eolutlons in 
tbe form of peliete* Tbe latter, though 
convenient, were found, like the 
original fortnola, liable to undergo 
change. 

The difflcuitlea encountered In qualitative testing for augar with Fehltng*! 
formula were alight, however, aa compared with tbo«e in quantitative work. 
The reduction of cuprlc OKide lielng attended by a preeipitar« greatly obacurcs 
tbe end -reaction, en Ui ling tedioua delay and uncertainty* In order to remedy 
this Favy brought forward his ammonlo-cupric teat* for qoantiutlve work, aa fol- 

'Ann. Chem. und Phan, tixIx, 360, 1841. 
* Ann, Chem. und Phar., Ixjcll, 106. 1843 ; ct1» 75, 1858. 
■Clinical 8oc. London, January, 1880. 
*ChemicalNewa, Jtl, TT. 
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lows : CapHc aulphftte, 4.158 gruDnm ; poUselum Bodlum tmnnl&, ^Agrtmmm; 
Blrong-imcnon la- water («p. fr., 0.8^), 1 Ittre. Ten ciihic cenitmetrcs «>f tlilH ■■ 
equal In oi:ldfj$lng power to O.OOd gramme of flu^ar, the r^ucttou belug sttCDded 
by dl«appearau{fe of the blue color without nuy resultant preulpilatei Ihe i Alter 
betog dla60l?ed by the aid moo la. Thlfi uu doubted ly coDitltuted tbe greatest 
ndviknec fo the copper teet Tor quantitative work yet brought forward, for wliich 
the profetslou U ubder perpt^tual obllgatlous to Pavy» Ooe unfrvrtuuaUj draw* 
bajL-k ntmaio^d, however, iu th@ faot that F&vy fitill retalued tbe tresieheroua 
l«rtiirlo »alt. 

Ill tlie lutumn of 1888, whtlo In London, Dr. Favy kltidly demouetnited hia 
ammoDln-cuprlc test to the author iu his prUate labor&toty. Betog u^pectaJlj 
atrut'k with the benutlful eud-reactlou thereof, the teat woji put iu u«e in the 
iUtbor'a laboratory. But a brief ei|ierieuce wa* uccesBary to prtive the lin- 
menae eouveuknc* of the Improved eod-reactlou ; but it alao demonstrated the 
Inatablltty of the te«t-aoiatlon, aod tMa the Author aet about to remedy if 
poatihle. 

Aa the reault, a year or ao later the author brought forward hla formula afl^r 
coualderable experlmentalluu. Tbe ammonia waa retained to secure the striking 
and tH^utifbl end- react kiu, but the turtrut'e waa snbaiitutvd by glycerol aa 
the organic element, wbkh bos Bin c^ proved entirely aati^factory In preaenriug 
Ihe atability of the flolntlou however long It be kept op baiid. The teat haa since 
been carefully worked out, both Iu the metric and Englbh ajateroa, and ita 
acci^racy checked by thouaanda of practical determluatlona. Theoretically, a 
few objections have been railed against the teat, eblefly by tboBe who have not 
ui«i \tf while one or two have obje^ited apparently on general prtrjrlple*, not 
having glTen any reasona for their objectloos. Thus it haa been claimed, since 
ammonlo-cupric aolntions are ao highly oild liable, that, unless meanurea 1>e 
adopted to exclude the atmosphere while teatlng, reduction la eufflclently tntrr- 
fered with to prevent accurate reaults. Thia objection la more theoretical than 
practical. Repealed expedmeuta In the author** laboratory In testing, In which 
meaaurea were adopted to exclude the atmosphere during titration, ancb as paaaing 
a enrreut of coal-gaa through the Oaak, and even overlayloflr the teat-^ilutlon with 
paralHu-oll, condualvely proved that the variation of reduction wna too small to 
be reckoned. 

One difltingulshed cbemiat objected to the test on tbe gronnda that the 
fumes of ammonia evolved in testing were disagreeable in the laboratory. If 
aach were Iu reality «o, It would be the simplest possible matter to coodurt 
the furoea through a glosfl tabe aod perforated cork into a wa*h -bottle containing 
dilute hydrochloric acid, which would not only dlapoee of thla, but also prac- 
tically of the prevloua objection* 

Theae devices have all beeu tested In the anthor'a laboratory, wber« quan- 
titative augar testing la oflen In pmgreaa for hours at a time, and tor tbe 
moat part they have been abandoned aa unnecesaarj. If the flask eontalolo^ 
the tt'st-aolutioQ be fitted with a pici^e of ordinary glaaa tubing about one 
quarter of an inch in diameter, with a bend at Hght angle above tbe mouth 
of the flask, it will Bcrvs both to conduct tbe funiea of the ammonia aside 
and also to rcUrd tba Ingress of air sufficiently to preserre the abaolutd 
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iccurncj of tbe te^Uiigr cvtn to the BiktleraLtlon of tlie moet scmpulims 
msTilpul&tor. It hm been found that yrhfu it hm been tUus tnazii^^ulniea 
the &mmQiil(KcupHc teit corretpouda lu reaulta with great aecurAey to the gn,vU 
nil! trie method** 

3, Fehling^s Teat — Tbis is conducted by tlie titration method 
with Fehliiig's solution, tlie formula of wiiich has already been 
given both in one soliitLoii aud nbo divided Into two parts, to be 
uuxed when used (see page 102), The btter form la always 
prcferabie. The principle of the process b the same as iu the 
author^s method, previously dt^sci'ihed, save that reductioii is 
aecompauied by a precipitate in addition tu disappearance of 
tbe blue coloration of the te»L Each 10 cubic centimetres <>f 
Fehling'e solution corresponds to 0.Q5 gramme of sugar, or iOO 
grains to 1 grain of sugar. Tbe urine should be diluted to a 
known degree, — usually 1 to 10, — unless the quantity of sugar 
be very small ^ iu whioli case 1 to 5 is bt:tter. Titrate precisely 
as with No* 2, save that^ after eiteh few drops discharged from 
the burettCf the test should be allowed to stand for a abort time, 
BO that the precipitate may settle and tbe observer may see if 
the mixture contain any blue color. As soon as the blue color 
has disappeared f the quantity of diluted urine employed Is read 
off, and since it takes just 0.05 gramme of sugar to remove tbe 
bine coloration in the 10 cubic centimetres of the test-sol utton^ 
from this the percentage of sugar in tbe urine may be reckoned* 

4. Optical Saccharimetry. — As already stated, grape-sugar 
possesses a right-rotatory power over polarized light, and upon 
tbis fact bas been based a method of quantitative testing for 
sugar by tbe polariscope. Among the more elaboratelj^-con- 
strncted instruments for this purpose are those of Lipptcb, 
MlNterlicli, Soleil, Laurent, Wild, and von Fleischeb 

TTltzmann has devised a pohirizmg sacoharimeter, which pos- 
iesses several important advantages over the instruments named, 
as follows: (a) No artiflcial li^ht is needed, for the concave 
mirror of the microscope-stand brilliantly illuminates the field 



* The iiiperior stablUtj of the animonlfKcuprie leit over other copper tcBts ti 
lftre«ly due tf* the fact that the i^mmotila eoustaotly maintains a h%U degree of 
oildatiotj of the copper salt to iolutlon. 
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of vision, (b) The apparatus itself is Bmnll, scarcely longer 
than the elongated tube of the ordinary microscope, and needs 
no separate stand, (c) By means of this mstrument the per- 
centage of sugar can be directly calculated, (d) The entire 
apparatus can be had for a compai-atively small cost. 




FlO* 1<J^ULTKIIAKK'& PULAHIXINO SAtCH A Ul MKl KR AHJC^TBD TO 
MiCBOSCOFS-BTA N D. 

In using this saccharinieter, the tube, objectivet, and ocular 
of the tnic rose ope are re in id ved, and in tlieir place the sacchari- 
meter Is inserted and made fast by means of a small screw. The 
concave mirror is then adjusted, and, by looking through the 



Afi^^ORMAL CONSTITUENTS OF UEINIt. 



115 



Instrument, it is determined whether or not it is properly ad- 
justed* 

In Fig* 11 a Is tbe biconcave and t the objective lens of a 
small Dutch telescope, tbe focal illatanee of whieli extends to p; 
€ is the U[>per Nicol prism, with which a vernier is closely con- 
nected; d is a glass tube for holding the suspected fluid, which 
should be filtered or otherwise cleansed 
befure analysis ; p is a double plate of 
right and left rotating quarts, and / 
tbe lower Nicol prism. 

The arc or Hxed scale is so divided 
that one division of it represents 1 per 
cent, of grape*augar at a temperature 
of 20*^ C. By means of the vernier, 
k:nth9 of a degree {i.e,^ of 1 per cent) 
can be approximately determined. 
Since 10 degrees of the vernier corre- 
spond exactly with 9 degrees of the 
arc, to the percentage of sugar found 
must be added as many tenths as 
spaces are counted on tbe vernier up 
to that division which exactly coincides 
with a division of the arc. 

If, for example, tbe zero-point of 
the vernier does not quite reach 
(toward tlie right) the 6-point of the 
scale, it indicates that tlie percentage 
of sngnr is more than 4 and less than 
5 per cent. If it be desired to esti- 
mate the tenths per cenL^ and the $ijrih 
division of the vernier is the first 
(counted from the zero-point) to co- 
incide with a division of tbe arc, then S is tbe number of 
tenths reqniretU and the apparatus would indicate^ in this case, 
4>6 per cent, grape-sugar present In estimating the strength 
of cane-sugar solutions, it is to be borne in mind that the 
polarization power of cane-sngar is threerfourtha that of 
grape-sugar. 



or UtTZMAWN'S POl^ARia- 
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Cane- and grape- sugar, as well as lactose, turn the polarized 
ray to the right, while albumin and levulose, on the other hand, 
turn it toward the left. If the glass tube of the saccharimeter 
be empty, or contain a fluid holding in solution substances 
having no optical influence (as normal urine), the zero-point of 
the vernier coincides exactly with the zero-point of the scale, 
and the two halves of the field of vision are exactly isochro- 
matic. If, on the contrary, an optically-active substance be 
contained in the fluid, — as, for example, sugar, — the normal 
isochromatism of the two halves disappears, and a distinctly 
unequal coloring takes place. This is the more apparent the 
greater the amount of optically-active substance present in 
solution. When this unequal coloring occurs the vernier is to 
be moved toward the right or left (according to the presence of 
sugar or albumin) until the color of the two halves is again 
exactly the same. The percentage is then read off the scale iu 
the way above mentioned. 

If a diabetic urine be very light colored and clear, it can at 
once be put into the glass tube of the instrument and the 
determination made. If, however, it be dark und cloudy, and 
contain albumin, it is advantageous to flrst clarify it and remove 
all disturbing substances. This is best accomplished by means 
of a 10-per-cent. aqueous solution of sugar of lead. The lead 
acetate causes in urine a copious white precipitate, consisting of 
lead chloride, phosphate, and sulphate, and the precipitate 
carries down with it all the coloring matter of the urine and such 
albumin as may be present. If the urine be then passed through 
a dry filter, the resulting filtrate is almost as clear as water, and 
is particularly well adapted for the apparatus. Since, however, 
the amount of sugar in the mixture (after the addition of the 
lead -acetate solution) differs from that in the urine, the amount 
of dilution must be taken into account in estimating the sugar 
present. It is l>est, therefore, to take 75 cubic centimetres of 
urine, and to that add 25 cubic centimetres of lead-acetate solu- 
tion, shake, and filter. In estimating the sugar present in the 
urine, one-third of the percentage of the mixture added to that 
percentage will give the percentage of sugar in 100 cubic centi- 
metres of urine. In other words, the percentage of the mixture 
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IS tliree-qiiarters tbat of tbe urine, Thui, if to t5 cul>ic centi- 
Tuetres of a dark, albuminous, saccharine urine bave been added 
25 cubic centimetres of lead -acetate sobitiou, tbe mixture filtered, 
and found to contain 4*8 per cent* BUgar^ then 1»6 per cent, must 
be added to give the percentage in 100 cubic centimetres of 
urine» which would, therefore, contain 4,8 -f L6 per cent. = 6.4 
per cent, sugar. In filling the glass tube care must be observed 
that no air-bubbles are included in the fluid* It is well, there- 
fore, to fill ttie tube as full as possible and push the glass 
cover on from one side before screwing down the cover (ITltz* 
mann). 

Tbe author uses this inst rumen t, obtaining fairly rapid and 
satisfactory results if the quantity of sugar be over I per cent., 
but in quantities much less than this the results are nnccrtain. 



Levulosuhia. 

Fruit-sugar, or levulose, has l>een found in the urine of per- 
§ons whose symptoms correspond closely with those of diabetes 
metttttis* In such cases the levulose nmy be assoclRted with 
grape*9ugar, or it may appear alone, but usually the former is 
tbe case. 

Levulose turns the plane of polarization to the left, and this 
fact enables us to distinguish it from gnvpe-sufjar, which turns it 
to the right Levulose reduces copper salts as tloes grape*sugar, 
although more feebly than the latter. It also yields the charac- 
teristic reaction of yellow cry stall ization with phenyl-hydrazin 
hydrochloride, and the crystala thus obtained are identical 
with those formed from grape-sugar. Levulose does not crys- 
tallize, and does not melt so readily as does grape-sugar. 
When cane-sugar is treated with dilute mineral acids, it un- 
dergoes a process known as inversion, — i.e., it takes up water 
and is converted into a mixture of equal parts of dextrose 
and levulose. 

Clinical Significance,^ — Aside from the fact that levulose fa 
ftometimes found in the urine in diabetic conditions, either alone 
or, as is more common, in association with grape-sugar, little else 
is known of its clinical relations. It has been stated that execBa. 
ive ingestion of cane-sngar, as well as the sugars of certain kinds 
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of fruits, may cause the appearance of levulose in the urine, more 
especially in conditions of disturbed digestion. This, however, is 
rather conjectural than the result of observution, although cane- 
sugar is converted in the intestines into glucose and levulose. 

Detection. — Ifsaccharine urine deflect polarized light strongly 
to the left, we may infer that the saccharine substance is levulose. 
If other known substances which turn polarized light to the \e(t 
be excluded, it may be regarded as certain that levulose is 
present. 

Lactosuria. 

Lactose, or milk-sugar, crystallizes in white, rhombic prisms, 
which are soluble in 6 parts of cold and 2^ parts of hot water. 
It has only a faintly-sweet taste, and is insoluble in alcohol and 
ether. Aqueous solutions of lactose possess a right, or dextro- 
rotatory, power over polarized light of -|- 59.3°, and do not 
readily undergo alcoholic fermentation. It reduces the copper 
salts upon boiling in alkaline solutions, but about one-third less 
powerfully than does grape-sugar. If long boiled with dilute 
acids, it forms galactose^ which, treated with nitric acid, yields 
miicic acid. 

Clinical Signiflcanoe. — Lactose occurs frequently in the urine 
of women who are nursing, the quantity usually being small, 
although it may reach as high as 3 per cent., and be attended by 
all the usual symptoms of diabetes, as in a case reported by 
Ralfe,at the London Hospital. In this case the woman was suf- 
fering from debility, and lactosuria occurred after three success- 
ive confinements, the urine being free from sugar during the 
gesUition. 

Lactose is nearly alwa3^s present in the urine of women two 
or three days after confinement, and just before milk appears in 
the mammary glands (during milk fever) ; and the same may be 
said of women within a da}' or two after weaning their children. 
Lactosuria may also arise from any cause that prevents the milk 
escaping from the mammnr}' glands during lactation, such as 
inflammations involving the niammar}' ducts. 

Detection. — If urine give the characteristic reaction of grape- 
sugar with alkaline solutions of cupric salts, and if it also cause 
extreme deflection of the polarized i*ay to the right, it is prob- 
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able that kctose 13 present* Cojifirm by treating tUe urine witli 
ail excess of lead acetate^ tilterj and to tbe filtrate add aromoiiiu 
ttivtil a permanent precipitate forms. Tbe ^iiid is tljen heated, 
but not boiled ; and if a rose-red color gradually develop, which 
slowly vanishes on fit4inding, grape sugar is present; if no such 
reaction occur, lactose is present (Rubner)- 

Inobitueia. 

Inosite, or muscle-sugar, crystallizes in large, colorless, mono- 
clinic prisms, sometimes grouped in rosettes. They are soluble 
m 6 parts of water at 20° C, insoluble in alcohol and etber, 
Inosite does not undergo alcoholic fermentation, and possesses 
no rotatory power over polarized light It does not reduce 
alkaline eoltitiona oF cupric salts, although it gives with tbein 
a greenish tint upon boiling, which clears up on standing, and 
again turns green on Ixiiling* 

Although termed muselo*sugar, inosite has been found in the 
lungs, spleen, Hver, kidneys, and bniin, and it has been found in 
the urine in a nuniher of pathological conditions. 

Clinicat Significance. — Inosituria haa frequently been noted 
in as8ociutit*n with diai)etlc conditions. It has also been ob- 
served in typhus, phthisis, syphilitic cachexia, and in diseases 
of the mcdulhi. In a number of cases of inosituria Ralfe 
observed moderate poly uria, loss of flesh, general malaise, and 
aching in the limbs^ although no tangible disease could be made 
out Inosituria not infrequently takes the place of glycosuria, 
especially in the milder grades of diabetes or in convalescence 
from the latter, Inosituria is also occasionally associated with 
albuminuria in Bright's disease. Gallois found inosite in the 
urine of 7 out of 102 patients examined. Of these, it occurred 
5 times in 30 cases of diabetes and in 25 cases of albuminuria* 

Detection. — I. If a solution of inosite be evaporated with a 
little nitric acid on platinum almost to dryness, and the residue 
be moistened with a little ammonia and solution of calcium 
chloride, and the mixture again be evaporated carefully to dry- 
ness, a vivid rose-red or violet color arises, which is apparent 
with even 1 milligramme of inosite (Scherer)* Other augars do 
not give this reaction. 
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2. Add a little mercuric nitrate solution Hoa solution of inosite 
on a porcelain disli ; a yellow precipitate is produced. On heat- 
ing this gently it will become red ; on cooling the color van- 
ishes, but re-appears again on gently heating. Uric acid, urea, 
starch, lactose, mannite, glycocoll, tannin, C3^stin, and glycogen 
do not give this reaction. Albumin is colored red and grape- 
sugar black, and therefore, if present, these should be removed. 

3. Inosite may be isolated from the urine, as follows: After 
first removing the albumin, if present, the urine is treated with 
neutral lead acetate until precipitation ceases. It is then filtered 
and the warmed filtrate treated with subacetate of lead as long 
as any precipitate occurs. It is well to concentrate the urine to 
one fourth of its bulk before precipitation. The lead precipitate 
containing the inosite combined with lead oxide is collected 
after twelve hours, and, after washing, is suspended in water 
and decomposed with sulphuretted hydrogen. The lead sulphide 
produced is removed by filtration, and the filtrate, upon standing 
awhile, usually deposits a little uric acid. This is separated by fil- 
tering, and the filtrate, after concentration b}^ boiling, is treated 
with three or four volumes of alcohol while boiling. A heavy pre- 
cipitate results, and the hot alcoholic solution is poured off, unless 
the precipitate be flocculent and non-adhesive, in which case it 
may be filtered through a heated funnel and allowed to cool. If, 
after twenty-four hours, inosite cr3'stals have deposited, as is 
usual, in groups, they are filtered and washed with cold alcohol. 
If, however, no crystals of inosite have separated, ether is added to 
the clear, cold alcoholic filtrate until a milky cloudiness results 
upon standing, and it is then allowed to stand in the cold for twenty- 
four hours. I f enough ether has been employed, almost all of the 
inosite present is separated in the form of shining, pearly leaflets. 

Allied Substances Occasionally Found in Urine, 
glyouronic acid. 

ThiB Bubstance Is cloBely allied to carbohydrates, Ita formula being CeHj^O,. 
Wben pure It Ib not cryBUlllne, bat Ita anhydride forma colorleaa, acicolar crys- 
tals. It is insoluble in ether, but soluble in water and hot alcohol, crystallizing 

1 Prepared by dissolving 1 part of mercury in 2 parts of nitric acid, and 
evaporate to one-half and add 1>^ parts of water. After twenty-four hours, pour 
the clear fluid from the basic salt. 
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out from the latter od coolings. Thougb so clo««ly related ciiemkallj to the cir- 
bohjdrat««^ H J J eld j, with ni^m, decompotHlao prodticU ot an aromatic nature, 
aa oittioiiltrobeiiEjt alcoboL It occurs fn Ibe iidne aa a potaealuEn »alt, 
C^H^EO^. Bromlnct couverte gljcuronlc ai^ld into saccharic acfd^ [ndicatlng !U 
clo*e relnUonBbJp to deitroae, as. well b« to the »idi;hyde group. It baa been 
thougbt to arise Trom dexlfoee in the or^Dtam, though Eulz auggeited It* 
origin to be from too^ilte. 

Gljcuroutc acldf of all aubfitancei met wftb la the udne^ls moat likely to be 
rnlataken for g^rapc-augar^ aiiice It 1$ dent no- rotatory, aud in nlkaUne solutton 
Cduri^rta cuprle Into cuproua oxltle atid rcdiiccA the &alt« of bfemutbf allrer, jideI 
meretiry. It doe* not, howe¥er, ferment with yeiut. 

Sign^anee. — Glycurouic acid occuti la the urine abundantly aftet the *d- 
mtiilHtratloti or such drugs aa chloral and butjl-ehloral, nitrobeUKol, eampbor, 
eurarep morpbU, cbluroformj etc., lo con«equeiioe of which It was formerly 
thougfbt til at the uee of these subslancea cauBed tlie appearance of grape-«ugar 
hj tiie u rill p. It EoEnetlnieaf though not frequently , oci;un» tti the urine of people 
who are appareiitlj 1u good health fti>d are not diabetic ; so that ft la ttnportaut 
to dlaituguifth between thia couditlon and gljcoauda, 

Ikttdkn.-^h If the urfue reduce cupric o^de and li dextro-rotatoiy, bat 
fUli to undergo alcoholic rermentatlon with the yea^t test* glycnroulc acid ii 
prevent. 2. ll may be tef^iated from the urine by the metboil of Scbmledcberg and 
Hayar, aa followai A large quantity of urine b decolorized by animal eharcoal, 
OTaporatad to a syrup, and thcu digested with large quantitlea of damp barium 
bydmte in the pretence of gentle beat over a water-bath. It I* then extracts 
with absolute alcohol ; gljcuroiilc acid and other substances are left undlsaolred. 
Tlie residue fa mlied with wat<?r and filtered ; more baryta Is added to the filtrate; 
It fi again filtered, and the nitrate evaporated down over u water-bath. An amor- 
phous barium compound eepftrates out ; this is washed with water, decomposed 
by sulphuric acid ; the barium sulphate Is filtered off, the filtrate is evaporated 
down And dried £n mem, when cryatils of the anhydride will be obtained. 



GANE-SUQAB, 

After abundant nse of eane-engar as food, traeea of It may be found In the 
blood and sometimes iu the urine. Pure cane-suirar possesses no reducing power 
VFtT cupric oiide ; but as met with commcrclftlly It eometlmes contains other 
mgars aa impurities, which may cause slight reduction of the copper tests. 

Cane-sugar crystallises in monocllnic prism s^ aqueous solutions of which 
poaaeat strong dextro-rotatory power* + 73.8^, By boiling with water, or more 
readily with dilute mineral aclds^ It undergoes inversion,— f.*,^ ft takes up water 
and separatps Into dextroae and levulo«e. Nitric acid oxldUes cane-sugar luto 
nediArlc acid. 

PtiMiitm.~lt has been stated that If caoe-augar be boiled some time In water 
Hondergoea Inversion, becoming glucose and levulose. Witb solutions of cane- 
iOfir the polaHration ia dextro-rotatory, but after inversion It becomes levo- 
rolatoij, because the left-handed action of the molecule of lev u lose produetMl 
«, — lOflO le only partly neutralised by the right-handed aiiUou of the glucose 
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GLTOOOXN. 



This subBtance is found in the liver, muscles, placenta, white blood-corpus- 
cles, cartilage-cells, pus-cells, and in embryonic tissues. It has also been found 
in the urine, notably in some diabetic conditions. Pure glycogen is a snow-white, 
amorphous powder, tasteless and odorless, soluble in water, insoluble in alcohol 
and ether. Glycogen is strongly dextro-rotatory + 2110, but does not reduce 
cupric oxide. Glycogen gives with iodine a port^wine red color ; the color dis- 
appears on heating, and re-appears on cooling. 



SECTION V. 



ABNORMAL URIKE (emUnued). 
ACETONIJBIA* 

Acetone — ^C 3 11^0 — is a thin, watery, colorless liquid, of spe- 
cific gravity 0.792^ wliicli boils at b^.5^ C, and possesses & pe- 
culiar ethereal or fruit-like odor. It may be obtained in consid- 
erable quantity by distillation of the urine as well as the blood 
of dijibetic patients. Acetone is also Bometimes found in the 
urine of children apparently in good health. 

Trenteil with iodine and an alkaline hydrate, iodoform i^ 
evolved ; with Bolntions of nitroprussidc of sodinm and ain^ 
mouta a rof^e-red color is produced. 

Acetone and aceto-acetic acid are sometimes both present in 
the urine, sometimes only one of them. T. Jaksch hoMs tliat 
acetone is a normal constituent of urine, though occurring in 
minute qnantity (0.1 gramme in twenty-fonr hours)* On the 
other Inmd Le Noble holds that acetone only occurs in hefiltliy 
urine after the use of alcohol or foods rich in proteids. Both 
acet oue and aceto-acetie acid seem to be decomposition products 
of albuniins. 

Clinical Slgniflcanoe. — Aeetonurta of pronounced degree 
often accompanies hi^h febrile states, probably caused by blood 
changes which result from exalted temperatures, since acetonnria 
belongs to no special form of fever. Moreover, the amount of 
acetone in the urine in febrile conditions corresponds closely 
with the degree of temperature elevation, always rising and fall- 
ing with the latter* 

Acetonnria often occurs in diabetes meUitus, more especially 
in advanced cases. In such cases it sometimes precedes the more 
dangerous symptom of diaceturia, Acetonnria is frequently 
associated witli certain forms of caucer, notably carcinoma. It 
is also observed in cases of inanition or starvation and in cere- 
bral psychosis, especially if accompanied by great mental excite- 

(128) 
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ment. Acetonuria may result from excessive use of animal 
foods, and this may, in a measure, account for its frequent 
appearance in diabetes, since such patients are usually restricted 
largely to nitrogenous diet. A condition of auto-intoxication 
with acetone sometimes occurs, which is accompanied by aceto- 
nuria. This state gives rise to symptoms of restlessness, excite- 
ment, and even delirium, but unless accompanied by diaceturia 
it tends toward a favorable termination (Jaksch), although it 
may end in coma and death in some cases. 

Acetonuria occurs in association with the following diseases: 
Small-pox, typhus, pneumonia, scarlet fever, measles, Bright's 
disease, perityphlitis, and strangulated hernia, but it is never 
accompanied or followed by diabetic coma in such cases. 

Deteotion. — 1. Liehen^s Test, — About 250 cubic centimetres 
of the urine is slightly acidulated with dilute sulphuric acid, 
placed in a flask connected with a Liebig condenser, and gently 
heated until about 30 cubic centimetres has distilled over. The 
distillate, containing any acetone present in the urine employed, 
is then tested by Lieben's iodoform test as follows : Compound 
solution of iodine is added till a light-brown color is obtained, 
the liquid is slightly warmed, and solution of potassium hydrate 
is then poured in drop by drop until the mixture is just decolor- 
ized. If acetone is present io<loform is produced, recognizable 
by its odor and by its characteristic hexagonal plates, rosettes, 
and stars under the microscope. Alcohol and a few other sub- 
stances behave similarly to acetone. 

2. Chautard^B Test. — A drop of aqueous solution of magenta 
decolorized by sulphurous acid gives, with fluids containing over 
O.Ol per cent, of acetone, a violet color. This appears in dilute 
solutions after four or five minutes. 

3. Le NobeVs Test. — On adding an alkaline solution of sodium 
nitroprusside — so dilute as to have only a slight red tint — to a 
fluid containing acetone, a ruby-red color is produced, which in 
IX few minutes changes to yellow, and on boiling, after adding 
acid, to greenish blue or violet. A quarter of a milligramme of 
acetone can be thus detected. 

4. Baeyer^s Indigo Test. — A few crystals of nitrobenzalde- 
hyde are dissolved by heat in the suspected urine ; on cooling, 
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the aldehyde separates in tbe form of a white cloud. The mixt- 
ure IS then nin.de alkaline witb dilute sodium-hjdrate solution, 
and, if acetone be present, first yellow, then green, and last an 
indigo-blue color will appear within ten minutes. 

5. Reynolds^ s T^cs^— This test depends upon t lie fact that ace- 
tone promotes tbe solution of mercuric oxide. The tewt may be 
conducted as follows : The yellow precipitate of mercuric oxide, 
obtained by the reaction of mercuric eiiloride with an alcoholic 
solution of potassium hydrate, is added to a small quantity of 
the urine^ which ie shaken and filtered. To the clear filtrate 
ammonium sulphide is carefully added, and if acetone be present 
some of the mercuric oxide is dissolved, and a black ring of 
Bulpbide of mercury appears at the plane of contact between 
the two liquids. 



DiACETUBTA. 

Diaeetic or aoeto-acetic acid (C^H,.03) is a colorless, 
strongly-acid liquid which mixes with water, alcohol, and ether 
In all proportions. On heating to boiling with water, especially 
with acids, diaeetic acid decomt)ose8 into carbon dioxide and 
acetone, 

C4H.O3 — CgH.O + CO,. 



•eld. 



Ae«toDe. 



Cwbon 
dJpxldo, 



Diaeetic acid haa frequently been confused with and mistaken 
for acetone. 

It differs from acetone, however, in giving a violet-red or 
brownish-red mahogany coior with solution of ferric chloride. 
This color decreases at ordinary temperatures within twenty- 
four bonrs^ and more rapidly uj>on boiling, in which respects 
it differs from the color produced by ferric chloride with phenol, 
salicylic acid, acetic acid, an<l sulphocjanides. 

There are other substances in tlie urine at times which give, 
under certain circumstances, tlie ferric-chloride reaction,^^vrz., 
^•hydroxy butyric acid, snlpho- (thyo-) cyanates, acetic acid, and 
formic acid ; and, according to Lcgnl and Ham marstcn, tlie urine 
of patients who have taken thallin, an ti pyrin, aalicylic acid^ 
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and carbolic acid may give the reaction. If, however, as 
already stated, the urine be previously boiled, diacetic acid no 
longer gives the ferric-chloride reaction, while the other sub- 
stances do. Fleischer found that the other substances which 
give the ferric-chloride reaction in the urine are not taken up 
by ether after the urine is acidulated with sulphuric acid, 
whereas diacetic acid is soluble in ether. Salkowski confirmed 
this observation, and found, as above, that urine containing 
diacetic acid after boiling did not give the ferric-chloride re- 
action. These observers hold that in most cases it is not 
diacetic acid from which acetone originates, but some at present 
unknown substance, possibly hydroxy butyric acid, already men- 
tioned (Halliburton). 

Clinical Signifloanoe. — Diaceturia is always pathological, and, 
for the most part, it may be regarded as a symptom of serious 
import. It is of least serious significance wlien occurring, as is 
not uncommon, in febrile conditions in children. Under such 
circumstances recovery usually follows. In the case of adults 
it is always of more grave significance. In diabetes the occur- 
rence of diaceturia may be looked upon as a very probable 
prelude to coma, which usually terminates quickly in death. Ton 
Jaksch, indeed, considers that diabetic coma is due to the pres- 
ence of diacetic acid in the blood, and he, therefore, proposes to 
substitute the term diacetic coma for the former name. 

Diaceturia is most common in the advanced stages of dia- 
betes, and more especially in 3'oung subjects of the disease. It 
does not, apparently, depend upon large quantities of sugar in 
the urine, at least directly so, since the appearance of diaceturia 
is often preceded by decided diminution of sugar. 

It sometimes occurs at the height of acute fevers, and in 
adults such occurrence is of grave significance. 

Diaceturia is sometimes the index of anto-intoxication — di- 
acetmmia — and is accompanied by such S3'mptoms as vomiting, 
dyspnoea. Jactitation, which shortl}' ends in coma and death 
without other discoverable disease or lesion. 

Detection. — This is best accomplished by Gerhardt's reaction, 
as follows: 1. Take a recently-voided sample of urine, and add 
a few drops of ferric-chloride solution to it. If the phosphates 
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be precipitated, filter tliem off, and to the filtrate add a few drapa 
more of ferric-cUloride solution . If r dark-red color is pro- 
duced, diacetic acid is probablj present 2» TLe above color 
disappears on boiling, or ia not produced if the urine be pre- 
viously boiled. Salicylic acid, phenol » antipyrin, or thallin in 
the urine give the same color with ferric chloride, which reroains, 
however, unchanged by boiling, 3, Acidify the urtne with sul* 
phuric acid and shake with ethen Next shake the removed 
ether with rery dilute ferric chloride, and the watery color be- 
comes claret-red. 

The biliary acids and pigments are the chief bile-elements of 
clinical interest met with in the urine* 

BlLIAfiT AOJM. 

It is an unsettled question as yet if the btle-acids occur in 
the urine under physiological conditions. According to Vogel, 
DragendorflT, Hone, and Oliver, traces of bile^cida occur in 
normal urine, although Hoppe-Seyler and TJdransky hold the 
opposite view. Oliver's new and delicate method of testing for 
the bile-acids gives his results much weight, and it may be as- 
sumed that the evidence is in favor of the view that the bile- 
acids are present In minute quantities in the urine of health. 

Clinical Significance. — Bn Oliver estimates the amount of 
bile-salts in normal urine as about 1 part in from 10,000 to 15,000 
parts* Furthermore, in a series of observations he has noted 
that the normal percentage quantity varies with the time of day, 
reaching the maximum during periods of fasting, as in the 
morning urine and that passed before meals-, while it quickly 
diminishes after meals, reaching the minimum about three hours 
after food. Dr* Oliver also observed an increase of the bile-acids 
in the urine upon active muscular exertion j and he suggests 
that changes of temperature, atmospheric pressure, use of alcohol, 
etc, also influence the degree of discharge of the bile-salts by 
the kidneys. The bile-salts in the urine are markedly augmented 
in all forms of jiiundice, and^ moreover, according to OUver*a 
observations, this occurs both before the appearance of the bile- 
pigments and long after their disappearance from the urine. 

In so-called acute bilious attacka^ — i.e., biliary engorgement 
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from defective bile excretion — ^there appears to be an overflow of 
the bile-elements into the blood, accompanied by such symptoms 
as feeble pulse, pallor, coldness of the extremities, sensations of 
chilliness, slow respiration, nausea and vomiting, with headache, 
and sometimes diarrhoea. During these symptoms the bile-salts 
in the urine are at first diminished, but after a time they are in- 
creased, and thereupon immediate relief from these symptoms 
follows. 

Acute cholaemia from retention of bile-salts in the blood may 
pass beyond the ordinary bilious attack and produce the more 
serious symptoms of lowered temperature, convulsions, albumi- 
nuria, with evidences of blood dissolution such as haemo- 
globinuria. 

Hepatic congestion, early cirrhosis, and malarial poisoning 
are accompanied by increased elimination of the bile-acids in the 
urine, more especially if accompanied by constipation. Dr. 
Oliver has noted excess of the bile-acids in the urine in carci- 
noma, amyloid disease, enlargement of the liver, cirrhosis, and 
In hepatic tumors. Choluria always follows a rise of tempera- 
ture, and in high fevers the increase of bile-acids may reach 400 
per cent, above the normal range. In splenic leucocythaemia, 
anaemia, haemoglobin uria, and scurvy a large excess of the bile- 
acids appears in the urine. Lastly, Dr. Oliver has noted 
a decided and persistent decrease of the bile-acids in the urine 
in cases of chronic interstitial nephritis, — granular kidney.^ 

1 In view of the fact that nearly all advanced chemlco-physlologista are now 
agreed that the liver constitutes the chief agent of destruction of those sub- 
stances which we know to be auto-lntoxicanU to the organism, Dr. Oliver's 
explanation of the hepatic ori^n of certain symptoms seems to the author vastly 
more reasonable than the explanation of many of the same symptoms by Haig's 
uric-acid theories. The author has searched in vain among the classic experi- 
ments of Bouchard, as well as others, for proof that uric acid is in any way toxic 
to the organism, even when injected into the blood in the enormous dose of 0.64 
gramme per kilogramme of body-weight. On the other hand, the bile-salts are 
toxic in almost infinitesimal doses ; they are not only toxic, but in aqueous solu- 
tions of 2 per cent, they kUl 1 kilogramme of weight ; the cholate of sodium in dose 
of 54 centigrammes, and cholate of potassium In dose of 4fi centigrammes. The 
enormous toxic power of bile, as a whole, may be Judged (Vom the following 
statement of Bouchard as a result of direct experimentation : '' We must conclude 
that during twenty-four hours a man makes, by the activity of his liver alone, 
enough poiion to kill three men of his own weight." 
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Deteotion, — h PettenkolTer^e method is as follows : Th« tirlne 
is mixed witli coucentrated sulphuric acid, taking care that the 
temperfiture does not rise higher than 60"^ to 10"^ C* Then a 
iO-per-cent. solution of cane-siigar is added drop by drop, con- 
tinually Stirling with a glaas rod. Tlie presence of bile-acids is 
indicated by the production of a beautiful red liquid, the color 
uot disa Pi rearing at ordinary temperature, but becoming more 
bluisih violet in the course of a day or bo* This red liquid shows 
a spectrum with two absorption bands, the one at ^and the 
other between D and E near E. 

This test fails if the solution be heated too high or an im- 
proper quantity — usually too niuch — sugar l>e added. In the 
last case the sugar carbonizes and the test iKjeomes dark brown 
or brown* The reaction fails if tlie sulphuric acid contains sul- 
phurous acid or the lower oxides of nitrogen. Since many other 
substances — such as albumin, oleic acid, amjl alcohol, and mor- 
phine^gire a similar reaction, in doubtful cases the spectroscop- 
ical examination must not be omitted* 

If the urine be icteric and of pronounced color, the bile-acids 
must first be isolated from the urine by Hoppe-Seyler's method 
before applying the above test, as follow§: Strongly concentrate 
the urine and extract the residue with strong alcohoL The filtrate 
is freed from alcohol by evaporation and then precipitated by 
basic lead acetate and ammon ia. The washed precipi tate is treated 
with boiling alcohol, filtered hot, the filtrate treated with a few 
drops of sodium-hydrate solution, and evaporated to dryness* 
The dry residue is extracted with absolute alcohol, filtered, and 
an excess of ether added* The amorphous or^ after a longer 
time, crystalline precipitate, conaistiug of alkali salts of the 
biliary acids, may then be submitted to the above-deserilied test. 

% Dr, Oliver^H method of detecting the bile-acids is most 
sensitive and simple* The principle of this method depends 
upon the physiological fact that such products of gastric tiiges* 
tion as peptone and pro pep tone are precipitated in the duodenum 
by contact with the bile-acids. Therefore, since peptone in an 
acid solution, as the urine, is precipitated by the bile-acida or 
their derivatives as cholate of sodium/ an acid solution of 
* The form in wblclk th« bile-i^fda c^ecar lu the tulne* 
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peptone may be used as a test for the bile-acids. The following 
is the formula for the test solution : Pulverized peptone (Savory 
and Moore's), S^s; salicylic acid, 4 grains; acetic acid, ^ss; 
distilled water to 8 ounces. To be filtered repeatedly until 
rendered transparent. In testing, the urine must be perfectly 
cleansed, if not already so, and rendered acid if it be alkaline or 
neutral, and the specific gravity reduced to 1.008 if it be above 
it. To 60 minims of the test solution 20 minims of the urine 
are added. If bile-acids be present in normal amount, there 
will be no immediate reaction visible, but shortly a slight tinge 
of milkiness will be produced. If in excess, a distinct milkiness 
at once appears, becoming more intense in proportion to the 
quantity of bile-acids present. On agitation the opalescence 
diminishes, and may even disappear, but it returns upon the 
addition of more of the test solution. On this fact is based an 
approximate quantitative test, for which is prepared a standard 
solution by adding equal parts of test fiuid and normal urine 
diluted to specific gravity 1.008. Any urine requiring 60 minims 
or more to bring its opacity up to that of the standard does not 
contain an excess of bile-acids. 

Dr. Oliver's Standard Tablr. 
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Percentage increase over 700 above the normal is rarely 
encountered. With the above test Dr. Oliver detects 1 part of 
bile-salts in 18,000 or 20,000 parts of sodium-chloride solution. 
If careful attention be paid to details in preparation of the 
urine, nothing as yet found in urine interferes with the test. 



BILIARY PIGMENTS. 



Bile coloring matters appear in the urine in a number of con- 
ditions. The urine in such cases is always abnormally colored, 
— yellow, yellowish brown, deep brown, greenish yellow, green* 
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isli brown, or even nearly pure green. On shaking the urine it 
froths and the bubbles are yellow or yellowish green in color 
The morphological elements of the sediment often take the color 
of the abnormal pigment in the urine. 

Clinical Significance^^ — The biliary pigmeuta are met with in 
the urine in jaundice, from whatever cause it arises, but most 
commonly, perhaps^ when due to obstruction of the bile-ducts. 
In such cases the bile-elements make their way into tlie 
lymphatics and the general circulation and are eliminated by 
the kidneys. The bile pigments appear in the urine several 
dajs before the icteric coloration of the skin is perceptible^ and 
therefore they may sometimes be taken as a prognostic of the 
approach of jaundice. 

The biliary coloring matters are also found in the urine in 
numerous pathological conditions of the liver, in which icterus 
may or nmy not be present also. They may also appear in the 
nrine as a result of blood changes, and after haemorrhage into 
the tissues; and in such cases thej^ are derived from their 
primary source in the blood itself* Lastly, bile-pigments in large 
amounts always appear in the urine in cases of phosphorus 
poisoning* 

Detection. — 1* GnieHn^s method consists in introducing a 
column of strong nitric acid, containing a little yellow nitrous 
ftcid of commerce (HNO3 + NOj,) into a test-tnbe, and upon this 
gently floating a eoUimn of similar depth of urine. In the xone 
between the fluids appear from above downward the colors 
green, blue, violet, red, and yellow. The green is most predouu- 
nant, while the blue is most indistinct or sometimes absent. 

(a) In Rosen bach's modification of this test the urine is fil- 
tered through a fine, thick fitter. After filtrmtion & drop of 
nitric acid containing a little nitrous at^id is applied to the inside 
of the filter. A pale-yellow spot will be formed, which is sur- 
rounded by colored rings which appear yellowish red, violet, blue, 
and green . This modification is very delicate, and it is hardly 
possible to mistake other coloring matters for the bile- pigments. 

(b) Dragendorif has adopted still another modification of the 
above test, which consists in placing a little of the nrine on a 
plftster-of-Faris disc, and, when nearly absorbed, a drop of nitno 
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acid is allowed to fall on the moistened spot. If the bile-pig- 
ments be present a ring forms about the acid drop, in which 
green is predominant. 

2. HupperVs test detects the faintest traces of bile-pigment 
in the urine. The urine is treated with lime-water, or first with 
some CaCl, solution, and then with a solution of sodium or am- 
monium carbonate. The precipitate, containing the bile-pig- 
ments, may be shaken out with chloroform after washing in water, 
and after acidification with acetic acid. The bilirubin is taken 
up by the chloroform, which is colored yellow thereby, while the 
acetic-acid solution is colored green by the bilirubin. 

The precipitate may also be used directly for Qmelin's test 
in the following way : Spread it on a porcelain dish in a thin 
layer, and add a drop of nitric acid. The reaction usually appeara 
very beautifuL 

3. Ultzmann^s test consists in treating 10 cubic centimetres 
of the urine with 3 or 4 cubic centimetres of concentrated caustic- 
potash solution and then acidifying with hydrochloric acid. The 
urine will turn a beautiful green color if the bile-pigments be 
present. 

Indoxyl-sulphubio Acid. 

Indoxyl-sulphuric acid (CgH^NS04), also called urine in- 
dicaUj and formerly known as uroxanthin, occurs in normal urine 
as an alkali salt, whose properties have been fully considered in 
Section XL Indoxyl-sulphuric acid is derived from indole, which 
is first oxidized in the system into indoxyl and then is united 
with sulphuric acid. Indole is formed by the putrefaction of 
proteids, and hence the quantity excreted by the kidneys is 
greater upon a meat than upon a vegetable diet. 

Clinical Signiflcance. — Variations in the quantity of so-called 
indican in the urine occur within comparatively narrow range in 
health; but in certain pathological conditions the increase be- 
comes very marked. Clinically, therefore, an increased excretion 
of this substance by the kidneys is observed in Addison's dis- 
ease, cholera, carcinoma of the liver, chronic phthisis, central 
and peripheral diseases of the nervous system, typhoid fever, 
dysentery, acute general peritonitis, multiple lymphoma, fetid 
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bronchitis, ichorous pleural exudations, diabetes mellitus, as well 
as in a nnmber of others* 

In obstructive diseases of the small intestine its excretion 
is sotnetimes eiiormoimly increased, owing probably to the favor- 
able conditions for the absorption of indole* The simple ob- 
etrnction of the colon does not cause its increase in the urine. 
Obstruction of the large intestine, ouly when it eanses consider- 
able disturbance in the motion of the contents of the upper 
Ueum^ gives rise to its increased excretion by the kidneys. 

In general, it has been conyidered that the appearance of large 
quantities of so-called indican in the urine implies that an abun- 
dant albuminous put refaction is progressing in some part of the 
system. Thus, in pleurisy it indicates a copious, unhealthy exu* 
da t ion, and in peritonitis it may be taken as an evidence of the 
formation of unhealthy pus* The putrefaction of secretions rich 
in albumin in tlie intestines explains its increase in the urine 
during starvation. 

Detection of Urine Indican. — JafPs method consists in mixing 
10 cubic centimetres of strong hydrochloric acid with an equal 
volume of urine in a test-tube, and^ wliile shakings add rlrop by 
drop a perfectly fresh, saturated solution of chloride of lime, or 
chlorine-water, until t!ie deci>e5*toV>tainalile blue color is reached. 
The mixture may next be shaken with chloroform, which readily 
takes np the indican and holds it in solution, and the quantity 
present msiy be approximately estimated according to the depth 
of the color. If the urine contain albumin it shouhl be removed 
before applying this test, otherwise the bine color, often arising 
from the mixture of hydrochloric acid and albumin after standing, 
may prove misleading. 

2. 3Iac3fimn^a Method. — (a) Equal parts of urine and hydro- 
chloric acid with a few drops of nitric acid are boiled together, 
cooled, and agitated with chloroform. The ehloroform becomes 
violet if much indican be present, and shows an absorption 
bantl before i>, due to indigo blue, and another after i?, due to 
indigo red. 

This method is more trustworthy than JalTe^s, because chlo- 
ride of lime destroys small quantities of indigo. 

(b) A rough, approximate method may be employed upon the 
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foregoing principle, as follows : Pour 4 cnbic centimetres of hy- 
drochloric acid into a small flask, and while stirring add from 10 to 
20 drops of urine. If the proportion of indican be about normal 
the resulting color will be rather light-yellow ; if in excess the 
acid will turn violet or blue — the more intense will be the color 
in proportion to the quantity of indican present. If no color- 
ation appear after waiting a minute or two the indican is not in 
excess, however deep a color may subsequently appear. 

If 2 or 3 drops of nitric acid be added to the test, as in the 
original method, it becomes more delicate. (See also page 43.) 

The Diazo Reaction in XJrinb. 

The diazo test was suggested by Ehrlich, in 1882, as a valu- 
able diagnostic measure in typhoid fever, although he admitted 
the occurrence of this reaction in a few other conditions shortly 
to be considered. 

The diazo reaction depends upon the fact that if sulphanilic 
acid (amidosulphobenzol) be acted upon by HNO,, diazo8ulph(h 
benzol is formed, which unites with certain aromatic substances 
occasionally present in the urine to form aniline colors. 

Dr. Friedenwald has recently reviewed the literature of this 
reaction,* and shown that many of the contradictory results 
obtained by some observers are due to failure in carrying out 
Ehrlich's methods in performing the test, which is best accom- 
plished as follows : — 

To obtain diazosulphobenzol in a perfectly fresh condition, 
sulphanilic acid is kept in solution with hydrochloric acid ; to 
this sodium nitrite is added, whereupon HNO^ is liberated and 
diazosulphobenzol is formed. 

Process, — Two solutions are prepared, as follows : — 

1. Two grammes of sulphanilic acid ; 50 cubic centimetres of 
hydrochloric acid ; 1000 cubic centimetres of distilled water. 

2. A 0.5-per-cent. solution of sodium nitrite. 

In performing the test 50 parts of No. 1 and 1 part of No. 2 

are mixed, and equal parts of this mixture and of the urine in a 

test-tube are rendered strongly alkaline with ammonia. If the 

reaction be positive the solution assumes a carmine-red color, 

' New York Medical Journal, December 33, 1893. 
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w1]icli on shaking must also appear m the foam. tFpon fitanding 
for twenty-four hours a greeuish precipitate ia formed* 

The test must not be considered positive unless a distinct red 
GOl oration exlenJs to and includes the foam on shakmg. 

Clinical Significance,— EhrlicU's original claims for the dlazo 
react iou were as follow ; — 

" L The reaction is most commonly found In tj'phoid fever 
from the fourth to the seventh day and thereafter, and if the 
reaction be absent the diagnosis is doubtful. 

'^ 2. Cases of typhoid fever characterized by faint reaction and 
occurring only for a short time may be prcilicted to be of very 
mild type. 

** 3. The reaction is occasionally noted in phthisis pulmonalis, 
but only in cases pursuing a rapid course toward a fatal ter- 
mination. 

** 4. The reaction is aometimes, but not often, observed in 
cases of measles, miliary tuberculosis, pyaemia, scarlet fever, and 
erysipelas. 

"5* In diseases unaccompanied by fever, as chlorosis, hy* 
drcemla, diabetes, diseases of the brain, spinal cord, liver, and 
kidneys, the reaction is always absent." 

The weight of clinical evidcoce strongly confirms all of 
Ehrlichia original claims for this reaction, but more especially so 
with regard to typhoid fever and pulmonary tuberculosis; if 
present in the latter disease any length of time, the prognosis ia 
very unfavorable, 

jS-nvBaoxTBunrEio Aoii) (C^HgOa), 
This acid forms an odorless syrup which is readily miscible 
with water, alcohol, and ether. It is an optically active sub- 
stance, being, in fact, levo-rotatory ; so tliat it interferes with 
the estimation of sugar in the urine by polarimetry- It Is non- 
precip] table by lead acetate and ammoniacal basic lead acetate. 
On boiling with watei- in the presence of a mineral acid, it 
decomposes into a-croionic acid — ^ which melts at 12*^ C. — and 
water. It yields acetone upon oxidation with chromate mixture, 
Clinioal Significance, — Tbe ain^earance of hydroxybutyric 
ftGid in the urine was first demonstrated by Minkowski, Kulz, 
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and Stadelmann. It is usually accompanied by diacetic acid in 
the urine, and sometimes by acetone. It is especially noted in the 
urine in severe or chronic cases of diabetes mellitus. It has 
also been observed in the urine in cases of measles, scurvy, 
scarlet fever, and in diseases of the brain. Aside from these, 
little is at present known of its clinical relations. 

Deteotion. — I. If a urine be levo-rotatory after fermenta- 
tion with yeast, it is strongly probable that h^droxybutyric acid 
is present. 2. Kulz^s method consists in evaporating the fer- 
mented urine to a syrupy consistence, and, after the addition of an 
equal volume of concentrated sulphuric acid, distill directly with- 
out cooling ; Orcrotonic acid is produced, which is distilled, and, 
after strongly cooling, the distillate is collected in a glass ; crys- 
tals which melt at + "^2° C. separate. If no crystals be obtained, 
then shake the distillate with ether and test the melting-point 
with the residue, which has been washed with the water obtained 
after evaporating the ether. 

Ptomaines and Leucomaines. 

The term ptomaine was originally used to designate those 
products of putrefaction which give the reaction of vegetable 
alkaloids and possess more or less poisonous characters. It has 
since been found that similar alkaloids are formed during the 
life of animal organisms ; these are termed leucomaines. Pto- 
maines, or putrefactive bases, are transition products of decom- 
position; or, in other words, temporary forms through which 
matter is being transformed from the organic to the inorganic 
state by means of the action of bacterial life. They are chem- 
ical compounds of a basic nature, and their deep interest and 
importance in the field of modem medicine may at once be per- 
ceived from the fact that they constitute one of the chemical 
factors in the causation of all infectious diseases. 

It has been erroneously supposed that all ptomaines are 
highly poisonous; but not only are many of them inert, but it 
may be stated that the majority of them isolated to date do not 
prod nee harmful results to the organism in ordinary quantities. 
On the other hand, some of them are highly toxic, and such 
Brieger first proposed to designate as ^^ toxins." 
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Ptomaines resemble vegetable alkaloids in that tbey all con- 
tain nitrogen as tbe uhief element of their basic character* Some 
of them also contain oxygen ^ correapomling to the vegetable 
fixed alkaloids, while those devoid of oxygen correspond to the 
volatile alkaloids. 

Bel mi was probably the first — in 1880 — to claim that the basic 
flubstunccB formed in the organism daring pathological changes 
oftcu appeared in the nrlne, constituting an indeat to the patho- 
logiciil condition of the patient He demonstrated, in the urine 
of a patient with progressive paralysis, two bases resembling 
nicotine and coneine. Since then Bone hard, Villiers^ Lupine, 
Gautier, and others have demonstrated the presence of a few 
other basic products in the urine in other diseased conditions. 
It is now well known that the urine in certain diseases, as 
cholera and septicaemia, is decidedly toxic in character, Bouchard 
Chavrin, and Ruffer have proved that bacterud poisons generated 
in the system through disease can be excreted in the urine. 
They produced immunity to the action of the hacillus pyocy- 
aneus upon animals by previous injections of urine of animals 
itioculatcd with that bacillus as well as with filtered cultures 
thereof. Unfortunately, as yet these investigations have not 
been pushed to Bufficient completion to furnish much practic4il 
data in reference to infectious diseases^ sinoe but few bacterial 
ptomaines have j^et been isolated from the urine. The impor- 
tance, however, of this comparatively new field of umnalysia 
can scarcely be overestimated, since it is strongly probable that 
careful investigation of the urine in this direction may throw 
important light upon a large class of diseases. 

It only remains here to refer to the few ptomaines which have 
been isolated from the urine, and the methods by which this has 
l>een aceompllsbed. FiTBt, with regard to normal urine, much 
difterence of opinion prevails as yet in reference to the presence 
or absence of alkatoidal toxins. When through defective renal 
action the leucomaines become retention products, they at once 
assume immense importance in the chemistry of the urine. The 
researches of Pouchet strongly confirm the presence of toxic 
alkaloids in normal urine j while, on the other hand, Yilliera 
denied their existenoe, claiming that the observed physiological 

10 



138 



ANALYBIB OF UEINE. 



action is wholly due to tbe presence of potassium BallB. Smce 
we know that toxins of an alkaloidal nature (leucomainea) are 
formed in the organism through tissue metabolism, aud, farther- 
more ^ that the urine constitute© at least one channel of eai^ajie 
for similar compounds^ there seems no reason to doubt their 
presence in urine; at least, in minute quantity* Bouchard, 
Guerin, and Lupine have shown that at least that which has been 
taken for these compounds is greatly increased in the urbie in 
pathological states. 

Wltli regard to the Isolated ptomAlaei, BiumAim and UdrftO&lEy Beparat^d 
seteral baiftic dt^rlTativeB^ amoiigfit them cadttMriHf putnteinf &ud a sm&U 
amount of & third b«e from the urine of a patknt Buflfeting fmm catarrhal cyi- 
Utb ; Dormal udne being fouod Tree from these aiibetaoces. 

Ihitr&cin — C^HijNj^^li cloBcly related to cadmteHn^ sliice ihej nearly 
alwA^A occur together or alternately from the aame source, Brieger obt&lui'd II 
from ptitrcfyli>f human vla<?era after e3tpo«ure of from three days to thr^e weeks 
at ordinary tempcraturcB. It haa been obtained from hcrrltig (twelve dnya* ei- 
po«ure), from pike (»Sx d^ji* exposure) , f(x>m haddock (two months* expo»tire), 
•od from deeajlng mueael (slxrUsen da;a' exposure). It i« especially abundant 
In cuUivaaotii of comma or cholera baetllus, and hence It la helltsvtHl that flUb- 
ataiicea similar to puireic^i are the true chemical polsoua In cholera. FtUrerew^ 
hiA been liK)]aU-d from the u Hue In easoa of cjstinurla by several observers sloca 
Brleger's flrat dlicoTery. It It toitlc to tbe organism, hut lt« tetra-mc^thyl deriva^ 
Hon la Incomparably more to, cauaLng eymptotns of aiLllYiLtiun, dyipnceAf contranv 
tlou of the pupilif muscular parmlyiils of tbe Umbs aud trunk, ejaculatlou of 
semcn^ dribbling of urine, and violent convulalona* 

Oidaiwiifi—CstTuN,— appears In decompoalug Usttiei tltltally before the 
occurrence of putnscin. Brieger obtained It frf>TO putrefying hourt, llver^ 
luugSi ete-T at ordinary temperaturea, In three days* exposure; from putrid 
muas«l In sixteen days. Like puiretHnf it Is a constant product of eomma baclU 
lUB U|K:}n any s(»il Li]x>n wlitcb it may be cnltlTated. Codaveritt h a coniilani 
aasoclatc— perhaps a prcHiuet^nof the acLlvity of vibrkmeM^ since it never oc^curs 
Id cultures In which this genus Is absent 1 1 la therefore absent from both nor- 
mal and typhoid stools^ as well aa froui cultures of the bacillus of EmmeHcb 
and Eberth. Both putrcxin aud eoiiavefin may be obtained from the urine of 
cysttiiurla by precipitation with benEoyl cbWride (Baumatm'a method), 

Trimtihylamine — CjHpN— has been found to human urine. This base occurs 
both In aulmal and regetahle tlsauea. It has been obtained from ergot, tbe blood 
of calves, herring- brine, In the putrefaction of yeaat, In cheese, In human liver 
and iplecn (two to seven days^ exposure), In perch C^x days' exposure) , In 
eulture« of drip(o€oeeut pyogsftet on broth and blood-serum. It is not a violeut 
toib, lai^e doses being required to markedly disturb the system* 

jBeaftri— CjHijNO,— is a well known base, the product of eotton-seed, be*t- 
^ulee, tumlp, vetch-seeds, etc. It has been found in the urln* by Llobrlch, 
This base Is of no pathological ilgnlflcauce, since it Is d on- toxic to tbe organism. 
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Jakachf who hai studied the «iibjc€t of bulc fieri vatlvei of tbe tiHtie, both 
UormiiJ tod patfafjlog-lenJ, fiuds that^ while nortn&l aHiie and Ihul ofbome dl&«iisij« 
boid these tubitaucea ooly in niluutc quaritity, In i>«rta1ii ottter niorLId fetaten 
tbU ainoutit la very consldembli?. He mnkei the fulJuwlng nuggvftUona m « 
golde fur ioTeAtlgiitJon tti this Aeld c>r work :— 

In the first pl»ee, he Biiggeat* tlmt it would be well to follow the ex&mple of 
BHegeti BaummUf aud UdraMky tu wUhhaldlog the name aikaloidM frt>tn the 
bodies diaminiPftj which are derived from tlie flysti.^m under morbid eoudlllontt, 
bet-auae all that have been reco^TTilJk^l ae yt't are »ltn(»lj dinmitt^t and do not et- 
blbjt tlie eharncterbtit" property of alkalotdi, vJE.,the pyrldln railkle. lu the 
w;roiid place, It \m dcfllrable to diacdcntn&te betwccu tbe phyalologfeal baftc» of 
the urtiic creatUiln, reducing ete., whleb belong to normal urine, and those wlileh 
ftre aafioetatcd only with et^rtaJa dleeaaed atat«ft. It Is not luteuded to Imply by 
tblAih&ttbe phyaiotogtfai bft»eft-*ff*/fomainef~cannot under any clrcumetJinceB 
give ring to diseased or pobonnus a> iiiptome* On the contrary, It la bi^jhly prtib- 
ftble that retention, and atlll more the tuDreaaed formation of siicb prodiicla, 
under certain clreumsUucea may Indace very grave aymptomi, and even pruatly 
III) peril the life uf the paUeut. Again ^ it icema probable that In cert4i1n Acut« 
dlaeafieai ipeclflc aubat&ticea of a toiile nature, not prefient In normal uriue, may 
bo eixervted with that fluid. 

J'akfteti make* the following tnggeetlvo elawl£catlon of tbe iubjcct t-» 

(a) Cllidtal (njorbld) aymptoma depending^ upon ret<^ntlon of the physio- 
logical basis. Under this bead would come urwmla and certain of the ayraplonta 
ef obatructlon — retell fcw» ttxrievtii, 

{b} Clinical tyinptoma referable to the preieuee of basic products wlilch are 
ftmni] in tlie system (blood, etc.) In disease and eUmlnaled with the nHne— fiOHo- 

(e) Cllrdcal aymptoma which are caused by the forqjallon of toxic baalo sub- 
stances fr^im morbid matter, such aa patboto^cal fluids IrKl^t-d lu certajp parts 
of the or^nlsm. Such bases being absorbed give rise to symptoms of severe 
poUoulng. Under tbls head would come the coUectWe syrriptuma of ammo^ 
mtemla, and otbers which follow the absorption of gangrcnoua pus — mUo-t<fTift^i§. 

(d) Clinical ayBiptoms, and consequently morbid types Induced by tin- acliun 
of tosle bases taken into the system with the food, such as the pole»un of aaUDuges, 
che««e, caoticd fruits, etc., etc* — tit^^mlc tifxka»lM. 

Dktiction.— A number of metliods arc io use for the detec tian and iiolntion 
of these bases, the more prominent of which arti thosi^ of DriH^endorf, Stim-Otto, 
Briefer, Gautlur, and Etard. Since all of these methods are somewhat difficult 
and tedious, only the most suitable mcthrnlB for uranalye^ls will here be described. 
For such purposes Brieger^s method serves best ; but la some canes It is important 
til at the urine be first concentrated <« wicmo. Sufficient hydroclilorie add Is flrst 
added to render the urine acid, and the mixture la then boiled for a few mtnutrs 
and filtered. The filtrate Is concentrated at first over a flame, and subsequently 
over A water- bath, to a syrupy consiBtence, 

In consequence of the Instability of the bodies sought, It is advisable to 
evaporate »ri v^evmn and at the lowest possible temperature, more especially so 
If ih« urine be foul. 

The thick fluid Is next mlx«d with 9fi-pei--c«nt. aJt^hol, filtered^ and tbe 
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filtrate treated wtth a warm ak^obollc ^olutioti of l&ad ac«tat«. Tbe reittlttng' 1«ad 
pfeejpitale 1b rcMoTed liy flHrntlcm ».D(f the flltmte concentrated— preffrablj fit 
mime — to a ejnip, and again taken op In M-per^^ent, alcoboL Tbe alcohol f« 
nexl eTaporated, and the reftldue^ dbeolved fti wat«r| la Ttetid fmm lead by tbe 
addition of lulphurett^d bydrij|z:en nnd flltrmttuti. The filtrate Is actdlfied w]tb 
liydrqcjjl^»ric iictd and eviporaUd to a Bjrnpy cnufclslence. It Is thvti diluted 
With aU^ohoL aiid akoliollc »o]uttoii or mercuric chlorfde 1a added. The rfsulllng 
preclpttaic Ie boiled In waier, and c«rtaJu ptoinalncft may separate At thlft itage 
In coDftequeuceof difTcrent aolnbllltles of the duubJe »«iU of meitrurjf* The butler 
toaccure tUU^ tbe precipitate may be treated pucceftfifvely with water at varfout 
tefDperaturea. ShouJd It b« Ihou^ht that the lead prvclpltate may bavi? retained 
iome of tbe ptomaiDes, It may be lospended In water, tbe lead cou^erk^ into 
aulphlde, and the fluid treated in tbe maiiDer )iut deacrlbed* 

Tlie aolution obtained at abore ia fiitei^, freed froa mercury, and ervapo- 
rated ; the excess of hydroeblorle acid is carefully neutral laed witb aodlum 
earbonate (the reaction It kept feebly acid), then It la ai^aln eitrajcted wltb 
alcohol to free ft from luorj^anlc aalta. The alcohol U evaporated^ the retidue 
diBiK)lTed In wateri tbe remaining Iracea of hjdrocblortc acid neutralised witb 
todium^ the whole acidified with uitrtc acid and treated witb pbosphoxnolybdk 
acid. The phosphomolybdate double compound ie separated by flUratfoo and 
deeom posed by oentr^ lead acetate or, more rcfcitly, by hejitiug over a water* 
bath. The lead i« uext removed by mcariA of sulptiurelted bydrogen ( hydrogen 
iulpblde) ; the filtrate is evaporated to a lyrupy eanslitence and taken up witb 
alcohol. Several ptomaines are thus separated as bydrocbl orates, smd may be 
obtained In the form of double aalU of gold^ or plaUr^lc chloride, and of picric 
acid. The chloride of tbe base ts obtained by removing the metallic base by 
prei^ipitatlon with sulphuretted hydroj^en, while tbe plcrate is taken up wUb 
water, acldtQcd with hydjocblorlc aeld^ and repeatediy extracted with ether 
to remove the pkrte acid. The liiet step is to aecertaiu If any ptomalnea remnln 
In tbe pboapbomolybdie acid filtrate after precipitation of tbe pbospbomolybdle 
a«nd, 

Brteg«*r bas obtiiined some of his ptomaines by a simpler mod ideation of bla 
above complete method. Thus he bas obtaltied nrurodin by trcatijig the aque- 
ous extraet of the or^itanlc matter, after boiling and fiUratloo, with mercuric 
chloddcj collecting the precipitato, decomposinff It with sulphuretted bydrogeu^ 
evaporating tbe flltrale over a watei^bath, and extracting the baae with alcohoL 

Pi^perttes of Animal Bases.— L They a]1 have an alkaline 
reaction. 

t. They are insolnble in water; Bohible in acids forming 

compounds; precipitated from such compounds l>y ammoina. 

3. Iodine and potaesium iodide give a brown, flocculent 
precipitate. 

4, Potassio-mcrcuric-iodide solution produces floeeulent, 
yeUowish-white precipitates, insoluble in acids and dilute alka- 
lies^ easily soluble in alcohol ^ and generally, also, in ether. 
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5. Iodide of bismuth nnd potassium give orange precipitates 
in solution acidulated with dilute sulphuric acid. 

6. Phosphomolybdie acid gives a bright or brownish-yellow 
precipitate, insoluble in water and dilute mineral acids. 

T. Metatungstie aud phcispliotutigstic acids give a white, 
flocculent precipitate, with ditliculty soluble in water and dilute 
acids. 

8. Tannin in neutral or feebly-acid solutions give yellow or 
white precipitates with most ptoniaiues. 

9. Chloride of gold gives a yellow or yellowiah-white precipi- 
tate, either amorphous or crystalline* 

10* They are all oxidizable and unstable, especially under the 
influence of an excess of mineral acid, which colors tliem red and 
then converts them into a resinous mass, 

11* Picric acid precipitates most of tbem, the color of the 
precipitate usually being pale yellow. 

12. The animal bases are energetic reduciug agents, decompos- 
ing chromic acid, iodic acid, and silver nitrate. With potasBium 
fcrrocyanide and ferric chloride they give PrusBian blue. This 
was formerly considered to be characteristic of the animal alka- 
loids, but it is now known that many vegetable alkaloids give 
the same reaction, and a few of the animal alkaloids (csiieuially 
those containing oxygen) do not give it As yet there ia no 
known claas reaction by which the animal bases can be separated 
from those of vegetable oijgiu. 



THE tmiNE A8 A TOXIN, 

It has long been generally believed that normal urine is an 
ftuto-in toxicant The well-known fact that suppression of tlie 
urine is invariably followed by certain uniform toxic Bymptoms 
ending in death seemed to leave no further proof of the truth of 
this belief necessary. It wus not, however, until a comparatively 
recent period (1881) that Feltz and Ritter first demonstrated the 
actual toiLicity of normal urine by injecting it into the blood of 
animals, thereby invariably invoking symptoms which were fol- 
lowed by death of the animals when the dose approached a certain 
relative amount* These experiments were soon after repeated and 
con^rmed hy Bocchi, Schiffer, and others. Two or three years 



i4:e ANALTBIB OF URINl. 

later Dupard, Lupine, and Ou^rin established the special toxicity 
of certain pathological urines which has since been confirmed by 
nnmerous observers. 

Following the researches of Feltz and Ritter, Bouchard 
commenced the investigation of the toxicity of normal urine, and 
very recently Lenoir gives a complete review of this subject, as 
does Cliarrin. The method of investigation pursued by Bou- 
chard ^ consisted of intra-venous injections of urine in animals 
(chiefly rabbits), and the results would seem to have established 
the following conclusions : — 

1. That tlie toxic power of normal urine as a whole is such that 
an average of 45 cubic centimetres of urine kills 1 kilogramme of 
living animal ; and, therefore, the urine of two days and four 
hours contains sufficient toxic matters to kill a man of 60 kilo- 
grammes weight. 

2. The toxic symptoms induced by intra-venous injections of 
urine are as follow : (a) Myosis ; contraction of the pupils begin- 
ning with the injection of 10 cubic centimetres to 15 cubic centi- 
metres of urine per kilogramme ; the pupils contracting to pin- 
hole size, and thus remain until after death, after which they 
sometimes dilate. (6) The respirations become hastened and of 
diminished range, (c) Somnolence and coma follow, (d) Diu- 
resis becomes marked, micturition occurring every two or three 
minutes, (e) Marked lowering of temperature succeeds. (/) Di- 
minished palpebral and corneal reflexes are present, (g) Death 
succeeds in coma or convulsions, (h) The heart continues to 
beat for some time after death. 

3. The toxicity of the urine varies with certain circumstances, 
viz. : (a) The urine is twice more toxic during the day than 
during the night. (6) The night urine is strongly convulsive 
and but feebly narcotic, while the day urine is the reverse, — 
strongly narcotic, but feebly convulsive, (c) Active muscular 
exertion in the open air diminishes the toxic power of the urine 
one-third, and this diminution of toxicity continues for from 
twenty-four to forty-eight hours after cessation of the exercise. 

4. The toxicity of the urine is not due to urea, uric acid, or 

^Auto-Intoxication in Disease, Ch. Bouchard. Translated by T. OliTer. 
Pablitbed by The F. A. Dayls Co., PhiladelphU, ISM. 
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creatitiirif emce the mjeetion of these substancei iato the blood 
in much larger proportiomil amounts than tbo^e in which they 
exist in normal urine proves non-toxic, 

5. The toxicity of urine increa^^es by permitting it to staod 
Bome time, as well as by increasing its temperature, even though 
fermentation be prevented. By this means a urine that ordi- 
narily kills by coma beeomes not only more toxic, — killing in 
smaller doses, — it also causes convulsions instead of coma, 

6. The following facts are brought out regarding the isolation 
of the toxic elements of the urine : (a) If the nrine be decolor- 
ijsed by charcoal it deprives it of about one-third (33 per cent,) 
of its toxic powers, (b) An aqueous extract of the nrine 
{containing chiefly the mineral elements) causes contraction of 
the pupils, convulsions, and lowered temperature, but no coma, 
diuresis, or salivation, (c) An alcoholic extract of the urine 
produces somnolence, deep coma, and diuresis ; but it does not 
cause contraction of the pupils or convulsions. 

7* In acute urieraia the urine becomes non-toxic, and it may 
be injected into the blood in quantity eciual to that of water 
(about 90 to 120 cubic eentimetree per kilogramme) before it 
proves lethal, and then only mechanically, by interfering with 
the normal osmosis. 

It will be seen, from these iiiTeati gat ions, that normal urine 
owes its toxic properties not to any one, but to several constitu- 
ents ; and although Bouchard has not succeeded in completely 
isolating these, yet his results are suggestive in that direction. 
Briefly stated, his results are as follow r At least seven toxie 
agents are present in normal unne; — 

1. A diuretic substance, which is fixed and of organic nature, 
oon-removable by filtration through carbon, but is soluble iu 
alcohol. This substance answers to all the featnree of urea, and 
is only toxic in enormous doaea, 

% A narcotic substance, also fixed and of organic nature, 
non>removable by carbon, and soluble in alcohol. It is not 
urea, since it does not induce diuresis; bnt, on the other hand, 
it causes narcosis. 

3, A sialogenous substance which produces salivation. It 
is only present in small amount in normal urine, and hence its 
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effects are unobservable in quantities of urine sufficient to kill 
from other contained toxic agents. This substance is stable, of 
organic nature, non-removable by carbon, and soluble in alcohol. 

4. Two substances capable of causing convulsions : (a) One, 
fixed, stable, of organic nature, is both retained and destroyed 
by carbon, and is insoluble in alcohol. It is doubtless an alka- 
loid, and is present during the day in less amount than the nar- 
cotic substance, and also of less physiological activity than the 
latter. (6) A substance which causes myosis; it is fixed, organic, 
and removable by carbon. It is probably a coloring substance 
of normal urine. 

5. A substance which reduces body-heat. It is fixed, of or- 
ganic nature, and insoluble in alcohoL It may also be a urinary 
pigment. 

6. Another convulsive substance of mineral nature, which is 
doubtless potassium. 

Pathological Urine, — In pathological conditions the toxicity 
of the urine may become diminished, or it may become greatly 
increased. As a rule, in acute infectious diseases and fevers, if 
the kidneys remain unaltered, the urine becomes more powerftilly 
toxic than in health. On the other hand, in pathological states 
of the kidneys themselves, the toxic powers of the urine become 
more or less diminished, according to the degree of functional 
incapacity of the kidneys. Thus, in acute nephritis or extensive 
chronic changes which greatly cripple the functional capacity of 
the kidneys, the urine may become almost non-toxic. As the 
condition of the kidneys improves the urine becomes more and 
more toxic, and this fact may be taken advantage of as a prog- 
nostic indication in treatment. For instance, if it require 80 
cubic centimetres of urine to kill a rabbit of 1 kilogramme weight, 
it may be assumed that the capacity of the kidneys is crippled 
about one-half (50 per cent.). If in a week later 60 cubic centi- 
metres of urine kill a rabbit of 1 kilogramme weight, it furnishes 
substantial evidence that the condition of the kidneys is much 
improved. 

It has already been stated that the urine in acute uraemia is 
non-toxic. Under such circumstances the kidneys can no longer 
eliminate the usual toxic agents from the system, and the organ- 
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ism becomes poisoned^ — ursemic — and all the phenomena described 
as dne to intra-venous injections of urine arc evoked- 

Our present knowledge of this svibject warrants the statement 
that the healthy organism is only saved from lethal auto-intoxi- 
cation by the liver and kidneys ; the former destroys the larger 
proportion of the systemic toxins, and those not so destroyed 
are eliminated chiefly by the kidneys, if the latter be healthy. 

In a large proportion of pathological urines (the kidneys re- 
maining sound) the normal toxicity of the urine becomes in- 
creased, and, moreover, new tojcic proi>erties are develo]>ed, 
notably those with convulsive powers. Thus, in ietanus the 
tirine is powerfully toxic, and if injected into the circulation it 
evokes roost of the tetanic phenomena. M. Labbe injected the 
urine of a tetanic patient into the circulation of an animal, with 
the following resnltB ; After the sixth cubic centimetre (per kilo- 
gramme] mild tremors occurred ; the pupils became punctiform 
at 10 cubic centimetres. From 12 cubic centimetres violent 
tonic apasms with convulsions occurred up to S4 cubic centi* 
metres. At the latter point death occurred from opisthotonos, 

The nrine in pneumonia is strongly toxic, the symptoms 
being nearly as pronouncedly convulsive as in the case of tetanus* 
The nrine in pneumonia proves kihal in from 19 cubic centi- 
metres to 38 cubic centimetres per kilogramme. In typhoid 
fetser^ on the other hand, Bouchard has observed tlmt the urine 
produces only the toxic symptoms of normal urine ; death occtirs 
at from 50 to 70 cubic centimetrea per kilogramme with only 
slight myosis, coma being present, but not convulsions. In leu- 
cocythmnia the urine is highly toxic, causing convulsions and 
death at 16 to 20 cubic centimetres per kilogramme. 

The urine possesses special and marked toxic powers in 
cholera. Thns^ cyanosis is only produced by choleraic urine; 
muscular cramps follow, unlike the convulsions produced by 
other urines, since the spasms Ivegin long after the beginning 
of the injections, and they continue Jong after the injections are 
discontinued. Cooling of the body is more pronounced than 
from injections of any other urine. Albuminuria appears at 
once and in marked degree, while with normal urine albuminuria 
la rare and only occurs late* Diarrhnea always follows injections 
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of choleraic urine ; the stools become pale, watery, and devoid of 
bile. The albuminuria increases until complete anuria occurs, in 
about thirty-six hours, und death soon after occurs with a rectal 
temperature of 33° or 34° C. 
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URINARY SEDIMENTa 



UaiNART BedlmentB are most conveniently cIoBsifledf for pur- 
poses of stud3% into two diviBionBf viz., chemical auhslances and 
anatomical st/bstances. 

Chemical sediments^ with but few exceptions, exist in the 
form of solution in normal urine, and their appearance as crys- 
talline, amorphous, or otber form of sediments may result from 
excessive formation or excessive excretion, or alterations in the 
urine affecting its solvent powers. The chief chemical deposits 
met with in the urine are urio acid, tlie urates, calcium oxalate, 
cyHtin, lencin^ ty rosin, xanthin^ and phosphates. 

The anatomical iediment^ are in most cases foreign sub- 
stances, and therefore do not exist in normal urine. They consist 
of such structures as pus-corpuscles, blood, renal casts, sperma- 
tozoa, fragments of growths^ fungi, infusoria, etc. The ana- 
tomical elements found in the urine are more or less insoluble, 
and, therefore, wben the urine stands they IkH to the bottom as 
sell i men Is » 

Our methods of examining urinary sediments are both chem- 
ical and microscopicaL Thus, the chemical deposits may often 
be recognised by their characteristic reactions ; or the micro- 
scoj>e may be employed to determine the characteristic form of 
the deposit when cr3^stalliMe, which is often of itself diagnostic* 
In determining the character of the anatomical deposits the 
microscope constitutes the chief resource, although^ in some 
cases, chemistry materially aids the investigation. 

Sediment ATroN or Urine. 
The older method of obtaining urinary sediments for investi- 
gation consisted in letting the urine stand in conical vessels for 
twenty-four hours or so, when the sediment would usually be 
found collected in the bottom of the vessel. Much difficulty was 
formerly encountered by this method in securing sediments for 

(UT) 
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examination which remained unchanged, since the length of time 
necessary to secure the deposit almost necessarily involved alter- 
ations in the urine at ordinary temperatures. Of late years this 
has been in a measure overcome by the addition of preservative 
agents to the urine, such as chloral hydrate, salicylic acid, 
resorcin, etc. These, however, all interfere with the chemical 
examination of the urine, more especially in making examina- 
tions for sugar and urea. But the most serious objection to the 
old metliod was the necessity of waiting for several hours before 
a satisfactory microscopical examination of the urine could be 
made. 

More recent experience has demonstrated the immense ad- 
vantages of tlie centrifugal method of obtaining urinary sedi- 
ments for purposes of microscopical examination. The principle 
of this method depends upon the fact that when the urine is 
placed in tubes and revolved upon horizontal rotating arms at a 
high speed, a centrifugal force is exerted upon all solid particles 
in the urine hundreds of times greater than gmvit}' ; and, conse- 
quentl}', the urinary sediment is deposited in the bottom of the 
tubes almost immediately, irrespective of the specific gravity of 
the urine or the character of the sediment. 

Of the very large number of centrifugals at present on the 
market, unfortunately but ver}- few of them are capable of effi- 
cient practical work, as the large number of discarded instru- 
ments of this order in medical offices to-day will demonstrate. 
In previous editions of this work the author pointed out the 
prime essentials of the centrifuge for urinary work. Chief of 
which are capability of a speed of from 1500 to 2000 revolutions 
per minute, with a radius of at least 6^ inches, and a tube 
capacity of 15 cubic centimetres each. These requirements have 
not been met by tbe hand-centrifugals thus far. Since the early 
editions of this work were published the author has, with the aid 
of Williams, Brown & Earle, — the manufacturers, — not only 
greatly improved his electric centrifuge (originally designed 
for urinary work), but also made important additions thereto, so 
that it is now designed to cover the entire range of centrifugal 
work for medical and bacteriological purposes. Very great 
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credit le due to the above-naroed geutleraeu* for so cLeerfiillj 
co-Dpemting with the author, spariug neither paiua nor time in 
carrying out the designs the result of which is an apparatus 
that the author takes pleasure in recommending as altogether 
efficient and satisfactory in practical work.* 

The author's electric centrifuge, shown in Fig. 12, can be 
operated indefinitely on all ordinary electric currents without 
overheating, vi2, : on the interrupted inc4indescent illuminating 
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current T on the coustant incandescent illuminating current, on 
the storage cnrrent,and on the galvanic current (sulphuric cell). 
The motor is furnished suitably adjnBted for operation upon any 
of these cnrrents at any voltage from 10 to 120 volts, if the 
nature and strength of the cnrrent be specified. 

' TiiR Author's electric ceiitrJfu^o U cxcJuiiTeiy mAUufae lured by WUHftmi, 
Brown * EAfle, 918 CbeetDut Street, PbiliMleJplilii. 

* The AQtbor ba» po cc^tnitict-ol&I Inf^^reat In the centrlfucral thai h«ar« hli 
nnme, netther baa be bad at any time ; ha therefore feeJs eutlrely free to apeak 
of Iti merits. 
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Tins centi'ifngal wns designed with spet-ial regard to strength , 
dnmbilit3% eillciijiicy, and pt"rrei.-t safety at tbe highest possible 
rates of epeed It is easily capable of all gradef^ of speed fix>rii 
500 to 10,000 revolntioiJs per minute^ according to the strength 
of the current employed and the resistflnce of the arm* With 
the large uiine arm, it carries 1 ounce of urine at a speed of 
2500 revolutioiis per minute^ with a radius of 6| incbes; with 
the double nrm for four large tubes it carries 2 ounces of urine 
at a sustained speed of 1600 revolutions per minute* With the 
new special arm forsedimenting micro-orgautstnSi it easily carnea 
two 1-centi metre tubes at a sustained speed of 10,000 revolntiona 
per mitnite, with a radius of 4 J inches. A speed-indicator is 
furnished for this motor (Fig, 12a) which indicates the exact rate 
of speed at which the motor is openiting, and the speed can be 
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accurately graded on all currertta of varying voltages by means 
of the indicator and the register (or rheostat). In order to test 
the exact rate of speed of the molor^ the indicator ia grasped 
firmly between the thniub and forefinger with tlje dial toward the 
Oi'^enitor as shown in Fig* 12a. Next place the conical rubber tip 
of the indicator in the hollow depression on the top of the axle 
of the motor above the arm, and press rather lightly npon ths 
indicator, when the hand on t!»e dial will revolve more or less 
rapidly according to the speed attained. Care should be ob- 
served, on the one hand, to grasp the indicator firmly between 
the thumb and finger lest the vibrat'ons of the motor cause the 
operator to lose his hold on the indirfttor and thus result in an 
accident j on the other hand, the indicator should not be pressed 
too firmly against the axle of the motor, as this would greatly 
increaae the friction and correspoudingly diminish the speed. 
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Each revoluttgn of tb^ hund on the cliiil hidicatea 100 revolutions 
of tlie motor. Tbe ghss tubing is provided witb aliimiiMim 
guards, whicli eflectually prevent a by dumage from breakage* 

The percentage and sediment lubes for urine and bulky 
fluids, sbown in Fig. 126, were specially designed for tbis motor, 
in order to avoid the defects in tlie old bulb-tipped ContiueDtal 
tubes, it having been found by experience In practical work that 
the latter would not bold snialL deposits of 
sediment in the tips. These tubes retain the 
most minute deposits of sediment intact, 
even though the tubes be inverted and tiie 
fluid be decanted from the sediment The 
perceotage-tnbes are accurately graduated in 
fortieths of a cubic centimetre up to 0.5 cubic 
centimetres, then in fourths of a centimetre 
up to the 15-cubic-centi metre mark^ — tlic 
latter to measure the reagents em pi 03' ed in 
precipitation. By means of these tubes and 
the methods laid down by the author accurate 
determination of bulk percentage may be 
made with this motor of the leading normal 
constituents of the urine, auch as chlorides, 
phosphateSf and sulphates; also such morbid 
elements in the urine as pus, blood, and al- 
bumin with great rapidity. Thus, with the 
double arm, four quantitative determinations 
may be made with ease in three minutes. 

Finally, a new device for sedimeriting ^^q^ i26-author's 
and manipulating microK^rganisins has been P«KCKHTACi« Tub*. 
[lerfected and adapted to this motor, The 
amount of work and time that this device is capable of saving, 
and the ease and certainty with which it isolates micro-organisms 
in fluid media, are sntflcient to render the apparatus an essential 
of tbe equipment of the pathological laboratory. Tbis devioe 
consists of an arm, as shown in Fig* 12c, twentj'-tbree centimetres 
in length, which carries two tubes of a little less than one cubic 
centimetre in capacity each. These tubes are conical at one 
end, which fits against a soft-rubber washer at the bottom of tbe 
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slot B. These rubber washers are fixrnislied in quantity, so that 
a new one mny be, if necessary, used eneh time the tube is em- 
ployed, or they may be leadily picked out witb a fine forceps and 
tboroughiy cleaned. Tbe large end of tbe tube is ctoeed by a 
soft-rubber cork at A, Tijis arm carries two of these tubes with 
j>erfect ease and safety at a sastained spetd of 10,000 re vol n- 
tions per minute if desired. At a much less speed — from 7000 
to 8000 revolutions per minute — practical experience has demon- 
strated that from 76 to 80 per cent of the niicroH^rganisms 
present in tbe tubes are deposited within tbe extreme tips in 
from three to five minutes, 

DmxoTiONS Foa Ofsritino thb Motor or Practical Wobk. 

In wdlmetitlrjg urine for ordinary mlcroscoiilcal eiamlnatlou^ fill two ttjbea 
to the 15^iibk-c(!Tittmi!Lre ma.rk with the uHne, pla^e them ^fUiln the alumt- 
num» ; turn on the current graduanj,^ticver abruptly in fun strength ,^g*tjgtDg 
the Afteed b^ the indleiLtor uuUl a speed of about 1200 reToloUone per minute la 
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attained. With urltiea of about nurmal tpeclSc graflty, continue thli Bpt*«d for 
two or three mJuutt-s. With nriuea of ?fry low specific gravity, 1000 revalullona 
ifp sulBt'lent If there be miich eetllroeiit. WUb urine* of very high gravity and 
nitle eedttuenilt Is well to increase the speed to about 1500 revolutlonB and mnin- 
tato It for two or three mlnuti^B. Tbe sediment la beat manipulated by meauB of a 
ijfpple pfpQtte about eight loche* In Icng-tb^ as follows : After thoroughly eli^ns- 
Ing tbe plpfttte iilowly carry it« point down the tub^ to within an inch and n half 
of the tip ; then stop and eipel frnm ,"5 to 10 bubbles of air from the point by 
gentle preeeure upon tbe rubber nipple. Nest carry the point of Ihe pipette 
fimjly to the bottom of tlie tube »nd draw in ftboiJt 5 drops of the sediment. 
He move the pipette and expel from Ita point two or three drops of the sediment 
upon « previously cleaned glass slide, upon wbteh In a three^ fourths- loch ring of 
gold size (rather thickly laid on and dried) within the ring* Keit coTer with a 
ooTer-glas^T And take np tbc» excese of urine with a strip of filter- paper, and the 
slide Is ready for examination. This forrn of slide Is better than the ordinary 
slide with ground-oat cell^ heeause It affords a perfectly flat field. The advantage 
of the temporary mounting la that it can be examined at any Angle of llgbt 
tinder the mlcroecope. 

The contents of serous eaTltles^ cyslHf abscesses, and^ In short, sJi media 
obtained by means of aspiration, may be dealt with In the manner juit deacHhedi 

Percentage determinations, by the author's «tftndard method , of chlorides, 
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plieipliateflr and aulpbates h&re ftlrcM^y been described In a prevloOi secUon of 
tliffl work (pages 63 Id 66). Tbe author's quantltiiUTe method for iJbumlti lia§ 
■lao been deUUed on page 83. The buik perceotageB of pus and blood maj b« 
determtned bj simply flJUug^ the perceiitage-tubce with the urine to the lO-cuhlc- 
cetitimetre m»rk*^ pladag them Id the iJiimluumti and rerolviog st the isme 
speed and Irugtb of time as In the cmse for albnnitn. In order to ohiaiu ib« 
AUtlior's uciiform resulifl In percentage detertnlnatioDB, care niust be exf rdsed to 
employ the lUted spc^d^ kogtb of time of revolutions, *nd the motor must b« 
operated with exactly ^%-\tiiih radius. It must be obrlouB to atij intelligent 
pervOD that, with tubea of varying capacities and form, dllTereut lengths of arms, 
aud with no grading of speed whiLit:?er, uutform or accurate results are Impos- 
iibte, and that such methodA are mere gaeta^work. 

MiertMfrgtmismt. — lu sedi men ling micro- organ Isms, reino?e the large arm 
fi^m the motor and In Its plaue adjust tlie arm for the small tubes sbowD ia 
Fig- 12c. Iri searcbttig for micro-orgiinijims iu bulky media, such as the urine, It 
U belt fint to throw down the coane pus-sedlmcut lu Uie laiige urlQe-tubea hf 
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about aCKK) reTolntions for four or At© miuutes. Next, wttb ft ptpette UAe up 
rather more than one eenttraetre of this sediment from the large tube ; remoTe 
the soft-rubber cork from the smsll tube at j4, and, while holding the finger very 
flrmly over tb« point B, transfer the sediment from the pipette to the small tub<*, 
which must be flllcfl to overflowing In order to preTeut the Ingress of air-bubblea* 
Neit, While still holding the finger llrmly over the point of the small tubej presa 
down the sofVrubber cork with a twist until it is about half-way into the large 
end of the tube. Next, draw back the epHng in the arm of A ; Insert the point 
of the tube In the hollow at B^ pushing It firmly agiLlnst the rubber washer ; let 
go the Apr lug at ^, and the tube will he firmly loclced In the arm. Next turn on 
the current and Increase it until the Indicator shows a spe«d of at least SOOO to 
tOOO reToluttnuA per minute, and contltiue this epeed for about two U> three 
mluules, EemoTe the tube from the arm bj drawing back the apriog ml A$ 

II 
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li»T<^ at hiD^ a clc»a glua illdei and place tbe point of ihe amaU tntw on Ukt 
middle or ilie slide, and bj ^ntle prtfAAure with the thumb or Inger (as ahown 
Id Fig. 12d) oil the top of tbe aoft-rubher cork, a drop, or, If oeed be^ a fractlou 
of a dropf of the tiuw-lilj£hlj-€Oiic«ulrftted Bediment maj b« depoeited prei^teely 
wliere It U required to b« stalDed &[id prepared for «x«jnia»tloii under a lilgb 
power. It wfH b« seen thai, procet^-dipg u above directed^ the search for tuiero* 
orn-atilftmf sparsely scattered through bulkj medt&^— as, for lOfltahcCf tubartJe 
bactUi lo urine,— is reudered eaay uitl almost libiHilutely certain, because prac^ 
tIeaUy we obtain 75 to SO per cent, of the tnicro-orgaolsmt in one oouee of utlue 
coDceatrai^ within one or two minims, and muoipulatlou rc&uit« in no loss 
whatever. 

With Euedla of s mailer bulk, as sputum, etc., It may be placed directly In 
the small micro-tubes a^fler such prt'piLralloti ilb indlvlduai preference shall de^ 
termlnsj and sedimentation Is carried out as already described. The sediment 
miy then be tranafirrred to the slide with the greatt.it posfilhle ease aiid precislot), 
■a already d«tatled, and examlued under the microscope for elastic fibres, 
CharuoVLejdeEi crystals, tubercle bacilli^ etc. 

In work lug with sputum, uHiie coDUlnlng much mucus, flbrinoua fxudateti 
and media that are very viscid and tenacious, it will be found lb it the mlcro- 
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organisms will be more quickly STid more completely sedlmentcd tf the medU b« 
first lhorou|rhly broktfu up and liquefied ^ and this ckq be Tery readily and quickly 
done with the author's apparatus for the purpose flgured here/ Slight dilution 
of Tlscld media, such as sputum, with phy&iologlca] salt solution gnmtly assists 
In liquefactionf and does not Interfere with subeequeut staining. 

ThA ff^mtttftkrit Attadirtient. — The hsEmatokrit— first suggested by Blii| for 
the purpose of determining the percentage and relative proportions of the red 
and white corpuscles of the blood— is readily adjusted to the small arm of this 
motor. The bflematokrtt consists of a graduated glass tube 50 mllHmetres in 
length and 0.5 millimetre bore to receive the blood. The tube Is marked by a 
scale ranjrlng from to 100, the scale bcin^ rendered Tisible by a lens front 
(piiam form). Tbe outer end of the tube ^i& Into a small cup^llke depression at 
thft end of tb© arm, the bottoms of which are covered with the rut^ber disks 
already shown, while the Inuer cj^tremily is held in pOHltion by the spring at B. 



* Mtfssrs. Sharp 4t Smlthi of 92 Wabish Avenue, Chicago, make and keep 
these iostriuncnta In st<»ek. 
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To use tlie L 20111 atok Lit Id blood-t^xaniin&tjouf proc^eed «s follows : The rubber 
tube with iQoutli-pieee at ooe end 1» alipped over tlie end of the hicmatokHt aud 
the Utter la OUud by iuetiob on the mouth-piecti frum a drop of hlood obtained! 
b; a prick of the fluger. The hlutit t:ud af the tube Ib aext quiekljr covered witb 
the flti^ei- tipp aud the tube Is iUBerted into the arm iti the aamc maimer a» ad< 
juatiiig tbe tube* for inkro-organlflmB, Tl»c eurreiit b next turned on aud the 
Bpi'cd lucreAsed fnduanj to 10,000 revotutluiiA per minute, and thua ateadlly 
niaint^ncd for from two to three mtuutvea. The bvmat^jkrit mnjDeict be re- 
tuf>ved and the pereenlage of red corpu idea Is read *jff frouj the st^ale* In health 
the volume of red c^rpuacleA ia about 50 per eeut. Quo per cent, bj volume 
repreet-iita about 100,€uO rvd blood-corpufltlefl ; therefore, by adding five elphera 
to the percentage of volume [t give» the tj umber of red eorpuaclea Id ouc euhic 
ndlMuietre of blood. Thus^ In a gtveu eaae^ If tbe reading were 35; muUiply 
tbat number by 100,000, and the product, 9,500,000, wouhl repre&eiit the numlH^r 
of red bloc»d-eorpuscle9 in one cubic mflHnietre of blood. The amnnat of b^nio- 
glob 1 11 in each eorpuacle may be approximately determined, also, by dividing the 
quail tity of hemoglobin ascertained by Flelwhl'a or Gowers'a Instrument by the 
number of eorpUAclea determined by mean a of the hicmatokdt. 

The white blood- corpuK lea, or leucocytea, will he found to occupy a oecosd, 
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but much iborter, column Imtnedlately atjove the column of red eorpuaclei, and, 
If leucocytoala be present, eveu though to a very alight degree » it Is easily 
reeogtvized. 

The aecuTate regulation and determination of epeed by thia motor g:f^atty 
Improrea determlnatlona of blood, by means of the hsematokrlt, rendering the 
t«dioui and tire some uae of cytometers no longer neeeseary. 

Further rtetaib in reference to tlie arljnstment of tins centrif- 
ugal to the various electric currents that may be avail al>le, and 
its establishment in working order in the laboratory or office^ 
will be cheerfully furnished by the mannfacturere upon applica- 
tion ; and the author cannot but comnjeud the satisfactory 
manner in which they have thus far met the requirements de- 
manded. 
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LlTHURIA, 

TJric-ftcid crystals occur as a sediment rarely, if ever, io other 
than Bhnrply-ACtd urine. They differ from all other urinary de- 
posits in possessing a dee^i-yellow or omnge-red color j they may 
at times be pale yellow, but are never colorless. The crystallind 
nature of this deposit may usually be detected readily by the 
naked eye. The essential or primary foim of the uric-acid crystal 
Is that of rhombic prism ^ and the great variety in which it is 
found all constitute combinations or modificsitlofis of tliis furuL 
Thus, the angles may be nearly equal, forming quadriingular 
plates, or sometimes nearly cubes nmy be seen. Again, they 
may be seen with rounded ends, forming ovoids or circles. Elon- 
gated crystals are sometimes observed, and these frequently join 
at one end, forming stars. The beauty and variety of these star- 
shaped clusters are very marked, (See Plate V*) Sometimes 
fan-shaped forms are produced by elongation of the crjatals in 
one direction only, instead of the star form. The rough and 
pointed forms of uric*aeid crystals are claimed by Ultxmann to 
be of diagnostic significance, being ^'almost always an accom- 
paniment of renal calculi," For properties and tests of uric acid, 
see Section II, pages 3D to 38. 

Uric acid possesses a strong tendency to crystalline upoti 
contact with any solid substance, organic or inorganic. This 
may be observed by its behavior in a vessel upon standing, when 
it will often be noted that tbe crj^stals cling to the sides of the 
glass or to threads or specks suspended in the urine* This ten- 
dency renders it more liable than any other crystalline deposit 
to form around some nucleus in the urinary channels, and ulti- 
mately form gravel This is one of the reasons why neurly TO 
per cent, of the stones found in the bladder are of the urio-acid 
variety, 

Tbe deposit of uric-acid crystals can only be regartled as of 
pathological import when the deposit occurs shortly after the 
urine is voided, — say, within four to six hours. It has already 
been shown that perfectly healthy urine usually deposits uric- 
Acld crystals afler standing ten or more hours. But, on tbe 
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other hand^ if urtc ac^id be precipitated from the urine shortly 
after it fooiSj it very justly forms the foundation for fear that 
the siime may occur before it be voided, aod thus give rise to 
the formation of calculi and graveli with tbe long train of painful 
aymptoms entailed by such conditions. Before speaking of the 
I pathological conditions which usually attend deposits of uric 
acid^ it may be well to allude to the conditions of the urine 
which favor such deposits. 

Sir William Roberts, who has carefully investigated this 
subject recently/ makes the following interesting observations : — 

*' The presence of uric acid in human nrine is somewhat anom- 
alous, as it is not needed as a vehicle for the elimination of 
nitrogen. Its place is taken by urea, which, by its en^j eolu- 
bilityt is better adapted to tbe liquid urine of animals. Perhaps 
miQ acid is a Testigial remnant in mammalian descent But, 
although physiologically insignificant^ uric acid is pathologically 
the most prominent component of the urine, chiefly because of 
its tendency to form concretions. 

"All acid urines tend inevitably to deposit their uric acid 
sooner or later. The time of onset of precipitation varies from 
a few hours to five or sLx days, or even longer- The inference 
from this is that pathological gravel is due to an exaggeration 
of conditions which eacist tn a less pronounced degree in health. 
To get at an explanation of this spoutancous precipitation it is 
necessary to examine the states of combination of uric acid in 
the urine. 

" Uric acid (C^H^N^Oa ^HgU) is a bibasic add, and forms 
two regular orders of salts, namely, neutral or normal uraleB 
(MnU) and acid urates or hiuraies (MHU)'* But^ in addition 
to these, it forms a series of hyperacid combinations, first discov- 
ered by Bence Jones, and termed by him quadrur ales {K\i\JM^V), 
The neutral urates are never found in the animal body^ and are 
only known as laboratory products. The bin rates are only 
encountered pathologically as gouty concretions. The quad- 
rurates, on the other hand, are especially the salts of uric acid. 
They constitute the exclusive combination in which uric acid 

1 FroceedlDgi of ih« Medlco-Cblrurglcy Soctetj, ISaO, p. 85. 
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exbta in solation in iiortnal urine, and they become visible some- 
times as the amorphous urate sediment- The urinary excretion 
of birds and reptiles is composed exclusively of quad r urates. 
The special ami chamcteristic reaction of qiiadruratea is that 
they are immediately decomposed by water iuto free uric acid 
and biuratea. They exist in acid urine in the presence of water 
and of superphosphates. These conditiona necessarily involve 
the ultimate liberation and precipitation of uric acid. The first 
step is the breaking up of the qimdrurate by the water of the 
urine into free uric acid and bi urate, according to the following 
equation ; — 

(MHU.H.t) + n,0 ^ (H,U) + (MHtJ). 

Qu&drumteu Fiee uriu acid. Biiir»l«, 

" This explains the liberation of half the uric acid. But the 
bluTEte thus formed is forthwith changed in the presence of 
superphosphates into quadrurates. Thus : — 

2(MHU) + (MH^POJ =(MHU.Hj,tf) + (M^HPOJ 

By these alteraating reactions all the uric acid is at length set 
free,' 

'* Seeing that uric aoid exists in acid urine (that is, for Bome 
sixteen hours out of the twenty-four), amid conditions which^ 
if the quadrurates stood alone and uncontrolled, would !ea*i to its 
immediate precipitation, and yet that in the normal course no 
such early precipitation occurs, it is obvious that the urine must 
contain certain ingredients which inhibit or greatly retard its 
water from breaking up the quadru rates. These inhibitory in- 
gredients consist chiefly of (I J the mineral salts and (2) the 
pigments of the urine. The conditions of the viriue which tend 
to accelerate the precipitation of uric acid, as in the formatioQ 
of concretions and deposits^ are (1) high acidity, (2) poverty in 
mineral salts, (8) low pigmentation, and (4) high percentage of 
uric acid. The converse conditions tend to retard precipitation. 
On the interaction of these factors the occurrence or non- 
occurrence of uric-acid precipitation appears to depend, and 

1 In iheie formtiln llje ijrmbol M repreaenti « monmd meUl, ABd Iha ■jmbol 
U the radicle CiH.K^Oi. 
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probably the most important of these ikctors is the grade of 

acidity." 

Clinical Signiflcanoe. — Urio-acid sediments are perhaps moot 
otteti encountered in acute fevefB and inf am mat ions attended by 
pronounced elevation of temperature* In such cases tbere is 
diminution of the aqueous elements of the urine, entailing in- 
creased acidity. As a consequence of increased tissue meta- 
bolism, there is also absolute increase of uric acid^ aa of most 
other urinary solids. la the so-called uric-acid diutheisis tbere 
is often an habitual and pronounced deposit of uric-aoid cr^-stals 
in the urine. The causes of this state are partly defective 
physiological action of the liver, and partly errors in diet, 
coupled with sedentary habits of life ; and it is often accom- 
panied by headache, emaciation ^ and hypochondriasis. Since 
this condition is induced by faulty habits of living which entail 
overwork of the liver, with defective supply of oxygen, it in 
nowise merits the name of *^ diaiheins.'*^ 

In the early stages of interstitial nephritis, uricacid deposits 
are often to be observed ; indeed, the urine frequently throws 
down tbis deposit habitually for some time before t be interstitial 
defect is made known by pronounced symptoms. This is due to 
two causes: (a) the polyuria of the early stages of the disease 
lessens the relative amount of coloring matters in the urine, 
and it will be remembered that the pigments tend to hold the 
uric acid in solution; (b) both interstitial nephritis and uric- 
acid deposits are often the outgrowth of the same habits of 
living, viz., the overindulgence in animal foods. The author has 
rejveatedly observed that people who possess generous appetites, 
and indulge in the use of animal foods two aud tbree times 
daily, are exceedingly apt to have nric-aeid deposits in their 
urine at middle age, and somewhat later to develop interstitial 
nephritis. Uric-acid deposits are frequent in cases of children 
convalescing from scarlatina, with or without accompanying ne- 
phritis, and concretions or gravel are very prone to arise under 
such circumstances. 

TJiUTEa 

The acid urates of sodium, potaBHium, ammonium^ and, more 
rarely, of calcium are met with as sediments in the urine. 
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leO AMALTSia OF UBIIOL 

The acid urate of mdium occurs chiefly as minute, irregular, 

amorplioua granules, although sometimes, also, in cryataUiue 
form,^ — star-shaped, ueedle-like cluatera, often of fan-shape ar- 
rangeineut. This depoBit ie more or less deeply stained blown 
or pink, according to the degree of pigmentation of the urine, 
aifice it ponaeases a great affinity for the above-named pigments. 
The sudium-urate deposit occurs in acid urine, and forms a 
large bulk of the '^ brick-dust," or mixed urate, deposit found in 
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tije bottom of the vessel alter the urine has cooled. Acid 
sodium urate is extremely insoluble, requiring. 1 150 parts of cold 
or 124 (>art8 of boiling water to etTect its solution* 

Acid polamium ur*al€ occurs only in amorphous form as a 
deposit, and, like sodium urate^ forms a part of the mixed urate 
deposit met with in acid urines. It is much more soluble than 
the sodium urate. 

Acid calcium urate occurB as a urinary deposit but rarely, 
and m minute quantities. It consists of a white or grayish 
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amorphous powder, highly insoluble, and on fusion k&ves a 
white reBidiie, consisting of ealciutn carbonate. The neid calcium 
urate, like Ibe potassium and sodium urate deposits, occurs ouly 
in acid urine. 

Ammojiium urate occurs &B a cry&talline deposit, consisting 
of dnrk-brown, spherical masses studded with fine, sharp-pointed 
Bpicula, — '^ ikmrn-afypls cryUals,'^ The spicula may be long, 
sometimes curved, branched, or bent, forming various shapes. 
(See Plate Yi.) The smaller crystals often closely resemble 
those of sodium urate, and by some they are claimed to be 
identical. 

This sediment most frequently occurs in alkaline urine, 
associated with amorphous calcium phosphate and triple phos- 
phate crystals. The ammonium-urate deposit is, in fact, the 
only urate sediment found in alkaline urine. 

The mixed urate depoint consists of a redditih, granular- 
looking sediment, with color always deeper than tljc urine from 
which it precipitates. It may vary all the way from a faint 
pinkish haze to a brick*red color. (See Plate V.) Most fre- 
quently it sinks quickly to the bottom of the quiescent vessel, 
but part of it may long remain suspended, imparting to the 
urine an opalescent turbidity ; at the same time a pellicle may 
form on the surface or cling to the sides of the vessel, notably 
at the surface-line of the urine. By gently heatmg the urine the 
mi:ied urate sediment promptly dissolves, and this forma a 
r«ady method of its recognition, as no other urinary deposit 
behaves similarly. The mixed urate de|*osit gives the murexide 
reaction similar to uric acid. It is dissolved by solutions of 
the caustic alltalies ; with mineral adds it is decomposed, with 
resulting precipitation of uric-acid crystals. 

It is an interesting fact that urines of high density are most 
prone to throw down deposits of mixed urates, while those of lower 
density are more apt to throw out of solution uric acid. Thus, 
with urines of specific gravity at L026 to L030, when they cool, 
the excess of urates comes down because of their limited degree 
of solubility; while in urines of specific gravity below L020,the 
diminished pigmentation often permits the uric acid to fall out 
of solution and form a deposit 
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Clinical Significance. — The mixed urate deposit^ like that of 
uric acid, is most frequently encountered in febrile states; even a 
slight elcTation of temperature is often sufficient to cause their 
deposit. A more constant deposit of mixed urates may be noted 
in dtseases of the viscera, which entail progressive emaciation, 
notftUj in the liver and in the so^alletl wasting diseases. Ftmc- 
tional disorders of the stomach are frequently associated with 
amorphous urate deposits, due, in ali probability, to incomplete 
transformation of proteid foods. In gout the urates are usually 
deposited during the attack, but disappear upon the approach 
of convalescence* 

OXALUBIA. 

Oxalate of calcium is met with as a urinary sediment either in 
acid or alkaline urine, but most often in the former. If it occur 
in acid urine it is often associated with uric-acid deposits, but 
when occurring in alkaline urine its most frequent associated 
deposit is the triple phosphate. 

The colcium-osalate deposit occurs in crystalline form, con* 
81 sting chiefly of two varieties of crystals, (a) and most frequent 
are the octahedral crystals, very beautiful and highly refracting. 
They are made up of four-sided pyramids, situated base to base, 
as seen in their long diameters. When viewed from the side 
they appear as squares crossed obliquely by two sharp lines, 
forming the cbaracteristic " envelope-shaped " crystHls* When 
small, the lines crossing in the centre form a bright spot, highly 
refractive of light,— star-like, {b) The second form of calcium- 
oxalate deposit is the so-called " dumb-l>ell " crystals. Their true 
form is that of ovoid or circular disc, with round margins and 
depressed at the centre on either side. Their variable appear- 
ance depends upon their different positions when viewed, as may 
be seen by causing the crystals to roll over under the cover- 
glass. 

Calcium oxalate is insoluble in alcohol, ether, water, alkalies^ 
and acetic acid, but readily soluble in hydrochloric or other 
mineral acids,— characteristics which serve to identify this salt; 
but in practice the microscopical appearance is the most conclu- 
aive, since the crystals are so characteristic in form that they are 
i^eadUy distinguishable from all other crystalline deposits; the 
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di^poeits of triple phosphate and uric acid are the only onei 
wbtcb have the least resemblance thereto. 

With regard to the triple-phoapbate crystals, it is onlj the 
flinaller, imperfect, and short prisms that are ever confounded 

with calciuraH>xaIate crystals. In such cases the body of the crys- 
tals, instead of forming a pamllelogram, is shortened so that it 
becomes a square, and the prmm then gives somewhat the ap- 
pearance of the envelope-shaped caicium-oxalate crystal The 
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calciiim-oxalate crystals, however, are always smaller and more 
highly refracting. Should any doubt remain, after carefnl ocular 
examination, they may be readily di8tiiiguishcd by their behavior 
with acetic acid, which promptly dissolves the triple-phosphate 
crystals, while the calcium oxalate is unaflected thereby. 

The <* dumb-bell " form of uric acid may usually be distin- 
guished from the calcium -oxalate crystals of simihir form by the 
brown color of the former^ as well as by their solubility in 
alkalies* 
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Clinical Signiflcanee.— The occurrence of calcium orakteas 

a urhiar}* deposit is brought about by the etrong affinity which 
oxalic acid posseases for calcium. Oxalic acid occurs under 
physiological condition & in very small amounts in nrinei — about 
0.0:3 gramme in twenty -four hours. According to generally 
recetved opinion^ it exists in the form of calcium oxalate, which 
is kept in solution by the acid phosphates of the urine. The 
quality of food taken often materially influences the degree of 
physiological oxaluria. Thus, vegetables and fruits containing 
mut^li oxalic-acid combinations, — as cabbage, spinaelij asparagus, 
sorrel, apples, grapes, tomatoes, and turnips, — when taken in 
excess, may cause excretion of calcium oxalate in considerable 
amount. Calcium oxalate is also excreted in excess upon an 
exclusive or excessive diet of flesh and fat, indicating its forma- 
tion from proteids. 

The question of so-called ^^o^alic-acid diatkesis^^ po886ia6S 
much practical interest As early as 1S42, Bird described a 
series of nervous and dyspeptic symptoms, which he alleged 
were associated with deposits of calcium oxalate in the uriue. 
Later on, Bigbie still more minutely described the symptoms 
of the so-called " oxalic-acid diathesis, ^^ of which the following 
is A brief summary : " These patients are mostly males in the 
prime of life, ordinarily of sanguineous or melancholy tempera- 
ment, of sedentary habits, and accustomed to overindulgenee 
in the luxuries of the table. Indigestion in its varied forma 
is a prominent feature. These patients are often capricious, 
sensitive, irritable, or dull, despondent, and melancholic. The 
tongue is coated and the skin is dry. In inveterate cases a 
dirty, dingy countenance, increasing emaciation ^ falling out of 
the hair, tendency to boils, carbuncles, psoriasis, and other cuta- 
neous disorders are frequently observable. Accompanying these 
are often deep pains in the back and loins, hsemorrhages from 
the intestines and bladder, incontinence of urine, Itnpotenoe and 
irritation of the bladder.** 

Attractive though the theory be of the soKjalled ^^oxalic-acid 
diathesis,*^ in the light of more recent and wider observation 
the name ** diathesis ^' seems in nowise merited by any of the 
states associated with deposits of calcium oxalate in the nrine. 
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it IS true that oxalic acid, when taken internally in any consid- 
erable amount J exerts a poisonous action upon the organism^ not 
only locall}' on the intestines, but also generally on the heart and 
nervous system ; and this gave rise, no doubt, to the supposition 
that a large formation of o%a3ic acid or its retention in the system 
might produce toxic, and eren dangerous, symptoms. DiBtinct 
proof, however, is yet lacking to show that the symptoms of the 
gOH^alled ^^ ojcaJic-aeid diathena^^ are due to an a<,^cumulation of 
oxalic acid in the blood. Indeed, nearly all the evidence tends 
in the opposite direction. In the first place, large deposits of 
^Icium oxalate, and even the formation of oxalic calculus, is 
repeatedly observable in people who are otherwise in the enjoy- 
ment of the most typical good health. In the second place, the 
group of symptoms described as characteristic of the oxalic- 
acid diathesis, as Roberts has obser\^ed, ** is one common to the 
clinician minus the deposits of calcium oxalate." Lastly, the 
states of the system associated with deposits of calcium oxalate 
are altogether too varied to admit of so narrow a classification 
as that of a special diathesis. It seems most reasonable to con- 
clude that oxaluria is dependent upon a variety of conditions of 
the system, many of which are associated with little or no 
departure whatever from ordinary health. 

The conclusions of Beneke, who has thoroughly investigated 
this subject, are as follow i — 

L Oxaluria accompanies the lighter or severe forms of ill- 
ness; bits its proximate cause in an impeded metamorphosis, — 
i,ff., in an insufficient activity of that stage of oxidation which 
changes oxalic acid into carbonio acid, 

2. Oxalic acid has its chief source in the azotized constlt> 
uents of the blood and food; hence, everything which retards 
the metamorphosis of these constituents gives rise to oxaluria, 

S» Such retardation of the metamorphosis of azotized ele- 
ments of the bloml may be determined by the following causes : 
(a) excessive use of azotized articles of food; (&) excessive use 
of saccharine and starchy articles of food; (c) insufficiency of 
the red biood-corpuscle.s, entailing diminished oxidation ; {d) in- 
sufficient access to purtj fiesh air; (*?} organic lesions which in 
any way impede respiration and circulation ; (/) conditions of 
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the nervous Bystem entailing depression, whether arising pri- 
marily from mental derangement or from pathological states of 
the blood, 

4. Excess of alkaline bases id the blood, 

Phobphaturta, 
It has already been shown in Section II that phosphorus 
esciBts In normal urine in eombmation with the alkalies and the 
eartha,~the alkaline and earthy phosphates. It is only, how- 
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ever, the latter salts that are met with as nrinary deposits* The 
eartljy phosphates consist of (a) triple phosphate or ammonio- 
magTjesiuin phosphate^ and (6) calcium phosphate or phosphate 
of lime, 

Ammonio-magnemum phosphate (MgNII| P0^6HgO),or triple 
phosphate, is essentially a crystAlUne deposit, occurring in two 
forms. The firfit^most frequent and typical — form is that of a 
triangular prism with beveled ends, very distinctive and oft«n 
termed ^^ coffin-shajied ^^ crystals. Many modifications of this 
typical form are met with. TlmS| the crystals may be shortened 
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to the form of squares, instead of being oblong, or otie or more 
corners may be absent. 

The second and less frequent form in which triple phosphate 
appears as a urinary sediment is thiit of star-sha|>cd, feathery 
crystals, tbe points appenriug not unlike fern-leaves. These are 
often but rudiments of tbe prismatic form of triple-phosphate 
crystals^ into which latter they often become gradually traus- 
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formed, and therefore between these two forms numerous inter- 
mediate ones are to be observed (Fig, 16), 

Calcium itho&jihate is met with as a urinary sediment in two 
forms^ — (a) amorphou^y (6) crystalline. The amorphous form 
of calcium phospliate is a whitish, flocciilent deposit, often niis- 
^ken by the naked eye fur pus or granular organic matter, and 
wlieu precipitated from the urine by heat it is sometimes mis- 
talccn for albumin. Under the microscope this sediment appears 
in the form of miuute, pale granules, arranged in irregular 
patches* 
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The crjetalline form of cAlcium phosphate is a comparatiTelj 
rare depoBit, occurring less frequently than any othtsr form of 
phosphatic depoBit. Its essential or elementarj form is tliat 
of crystalline rotlsj sometimes lying unarranged^ but more often 
groupetl in atellar or rosette forui^ while often they may be 
observed grouped in dub or wedge form, but always marked by 
lines of crystailizabion (Fig, IT), A deposit of earthy phosphates 
is essentially a product of alkaline urine, and, with the exception 
of the crystalline form, they are never met with in acid urine. 
The above-nann-*d ex(!C[(tion only occurs with feebly -acid urine 
tending to ammoniaeal ebange. 

The following are the chief conditions of the urine which lead 
to pbosphatic sediments ; — 

(a) If the urine be alkaline from fixed alkali. 

(h) If the earthy phosphates be in excesa (the urine being 
alkaline or neutral)* 

(c) If the urine be alkaline from volatile alkali, the result of 
deeomposition of urea into ammonium carbonate in the nrinary 
passages, the ammonia uniting with the magnesium phosphate 
to form the triple phosphate of ammonium and magnesium. 

Clinical Sfgniflcanoe. — In those cases in which the phosphatic 
deposit oecurB in alkaline urine from JiJ^cd alkali, the deposit is 
chiefly precipitated calcium phosphate, though often mixed with 
triple- phosphate crystals. The urine in these cases is usually 
of high specific gravity^ alkaline in reaction when voided^ more 
or less cloudy, and eflTervesees upon the addition of acid, after 
which the urine immediately clears. The clinical symptoms cor- 
responding to the above are often those of general debility, 
with feeble respiration— favoring the accumulation of carbonic 
acid in the system. Thna, in convalescence from exhausting 
ftcute diseases, deposits of caleinm phosphate are frequently to 
be noted* Flatulent dyspepsia is a frequent cause of alkaline 
urine from fixed alkali and the deposit of calcium phospbate. 

A a Halfe has pointed out, the acids formed by fermentatiye 
changes ly^mg of the fatty acid series, upon entering the blood 
they are oxidized into carbonic acid, and, uniting with the baaea 
of the alkaline oxides from carbonates of these bodies, increase 
the alkalescence of the blood and in consequence diminish the 
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acidity of the urine or even render it alkaline, whicli permits the 
phoBpbates to fall out of solution. This Is moat frequently 
noted in debilitated persons with flatulence of the small intes- 
tine. It i» associated with such features as loss of weight, 
irregular bowels, sallownesa of complexion , despondency^ and 
frequent micturition. 

In those cases in which the deposit of calcium phosphate is 
the result of excessive elimination, very often marked systemic 
disturbances are associated therewith. The urine is usually 
alkaline, copious in volume, and the deposit is of dense whitish 
form. If persisteut, the symptoms are nsuallj those of nervous 
irritability, dyspepsia, emaciation, and backache. Sometimes 
symptoms akin to diabetes are observable in inveterate cases, 
and the condition has been called ^'phosphatic diabelesJ^ Indeed, 
it is claimed that this condition not infrequently ends in diabetes 
insipidus. 

The deposit of the crystalline form of calcium phosphate in 
quantity is, in tlie experience of Roberts, often **an accompani- 
ment of some grave disorder," such as cancer of the pylorus, 
phthisis, and exhaustion from obstinate chronic rheumatism. 

In cases of phosphatic deposits in the urine resulting from 
the presence of volatile alkali, the sediment, as before stated, is 
that of triple phosphate of ammonium and magnesium. It haa 
already been shown that ammoniacal fermentation always occurs 
in healthy urine upon standing sufllcicntly long^ and then the 
triple phosphates are precipitated. But in the class of cases 
under present consideration the urine is alkaline when voided 
and precipitation of triple phosphates takes place immediately. 
In these cases ammoniacal decomposition of the urine occurs in 
the urinary passages. In addition, therefore, to the triple- 
phosphate deposits in such cases, the urine also contains pus 
and more or less mucus. 

The clinical symptoms attending this state of the urine are 
most often those of septic inflammations of the urinary passages, 
such as pyelitis and cystitis. The most frequent class of causes 
of this condition of urine are the obstructive diseases of the 
lower urinary conducting channels. Whatever cause operates 
to retain the urnne in the bladder sooner or later gives rise to 
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cystitii and the deposit of triple-phosphate crjatala. Thus, in 
enlarged prostatejatoDy and paralysis of the bladder, paraplegia, 
and diseases of the lower spinal cord, tlie urine nearly always 
precipitates the triple phoepbatea. This condition of urine 
nearly always precedes so-called *^ surgical Htfney/* and those 
septic eonditioiis so dangerous to life which result from the use 
of instramentps in the lower urinary channels. Therefore, when 
the urine is found to contain deposits of triple phosphate with 
pns^ and is alkaline when voided, it constitutes a signal for the 
exercise of the greatest possible caution on the part of the sur- 
geon in passing instruments into the urethra and bladder for the 
Jirst time J more especially in the cases of elderly men. 

It is well known that men addicted to exhaustive mental 
labor and people laboring under worry and anxiety are apt to 
have precipitates of earthy phosphates in their urine. If to 
such conditions be added babits of vegetarianism, wbich tend 
to depress the acidity of tbe urine, triple phosphates in addition 
may readily fall out of solution and form deposits. 



CrSTlNUttlA. 

Cystin (CjiH^NSOg) is comparatively rarely met with as a 
urinary deposit. Its origin in the economy is not clearly under- 
stood, altliough its highly sulphurous composition (about 25 per 
cent.), together with its close resemblance in composition to 
iauriij^ suggests the possibility^ that the liver may be its source. 
The discovery of cystin in the livers of typhus patients by 
Soberer, as well as the discovery of eystinuria in cases of dimin- 
iflhed bile secretion by Marowski, would further favor the above 
view. Stadthagen claims that cystin is absent from normal 
urine, though Goldman and Baumann succeeded in separating it 
in very small quantities from healthy urine as a benzoyl com- 
pound, 

Cystin is a crystalline compound of feeble ehemic^ affinities, 
and occurs in two forms, (a) most commonly in six-sided tablets 
of variable sizes, and somewhat resembling the six-sided crystals 
of uric acid. These tablets possess an opalescent lustre, — 
^* mother-of-pearl '^ appearance, — and when traced with fine lines 
of secondary crystallization^ or formed into rosettes, they pre- 
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sent microscopical pictures of great beauty, (b) The tecond 
form of cystin crystals is that of four-sideJ square prisma, which 
lie separately or in stellate form. They are highly refractive, 
and when their sides lie out of the direct line of vision they 
appear almost black, forming a strong contrast with those sides 
presented vertically to the light, which appear of a brilliant*white 
eolon Cyst In is soluble in the caustic alkalies, oxalic and strong 
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mineral adds. It is insoluble in boiling water, acetic acid, alco- 
holj and ether. 

Diferentiaiiom^Cy^iin may be readily distinguished from 
the pale, lemon-colored, six-sided crystals of uric acid, as follows: 
Permit a drop of ammonia to mingle with the deposit on a glass 
atide^ when either form of crystals disappears. Kext, evaporate; 
and if cystin be present the crystals re-appear, showing that they 
were merely in solution. If, on the other hand, the crystals 
were oric acid, no re-appearance occurs upon evaporation^ buL 
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instead^ crystals of ammonium urate appear, Bhowing cbemicd 
combination ; and not solution, 

Anoth^^r simple method coiisiats in treating the crystals with 
ojftlic or hydrochloric acid, which promptly dissolvea cystin 
crystals, but leaves uric acid unchanged. 

From trijik-pliosphate crystals cystin is readily distinguished 
by its behavior with acetic acid, the former being immediately 
dissolved therewith, while cystin remains unchanged. 

The urine containing cystin is usually pale in color, of faintly- 
acid reaction, and upon standing develops the odor of sulphu- 
retted hydrogen, as well as tlmt of ammonia* The sediment is 
of pale-lemon color, and often changes to green upon standing. 

Clinical Significance. — Unfortunately but little at present of 
a positive natuit; is known as to the clinical relations of cystin- 
nria. Its frequent association with hepatic disorders may be 
said to be established, Cystin deposits are said to be results of 
extensive renal degenerations. Chlorotic women and strumous 
children are also lielieved to be prone to cystic deposits in their 
urine, E bs tein h as noted th e p r ese n ce of cy stin d eposi ts t ogeth er 
with albumin in the urine in cases of acute articular rheumatism. 
Cystin deposits have been known to occur rejieatedly in the same 
family by a number of independent observers, among whom are 
Marcet, Lenoir, Civiale, Toel, and Ebstein, Cystin calculus 
is well known to run in certain families, Cystinuria is said to 
be most common in young males^ although no age or sex can be 
said to be exempt from it. It may be present and continue for 
years witlmut any noticeable impairment of health. 

The chief interest connected with cystic deposits is their 
proneness to form concretions of cystin gravel ; and although 
these are comparatively rare occurrences, their consequences are 
none the less serious when occasionally encountered. 



LEUClNUaiA AND TTEOSINtmiA. 

Leucin (OgHiaNOg) and tyrosin (C^lIi,N03),a8 willbesecn 
from their formulae, are closely related, being products of decom- 
position of proteid iKjditss or of their derivatives. Since they are 
nearly always found associated with each other in the urine, they 
will be considered together. 
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Leucin occurs as a urinary Bediment for the most part in the 
form of yellowish, highly ^refracting spheres, though not quite so 
highly refracting as oil-globules^ which they somewliat i^eBemble. 
In a pure state it crystallizes in scales or rosettes, often of irreg- 
ular shapes^ and it has a greasy feel. Leucin Is insoluble in 
ethur, which readily distinguiabes it from oil-globules. It is also 
insoluble in mineral acids, but is partly soluble in water and alcohol 
and is completely soluble in caustic alkalies. For ordinary 
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practical purposes leucin may be known by the microscopical 
appearance of the crystals, and in this way very minute traces 
may be determined with certainty. Confirmation by chemical 
tests may be employed if a fair amount of the material be at 
hand, (o) Thus, solutions heated with proto-nitrate of mercury 
give deposits of metallic mercury (Hoffmeister). (h) When evap- 
orated with nitric acid on platinuni-foil it leaves a colorless residue, 
which if heated with potRsaium hydrate forms drops of an oil like 
fluid which do not adhere to the platinum (Scherer). (c) Upon 
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lieattng leticin in a glass tube open at both ends to about ItO^ C. 
it subUmes in feathery particles^ ^Iiicli fluat about m the air 
within the tube. Further bent causes it to fuse and mostly dia- 
upi?ear into carbon dioxide and amilyniin, Leiicin may be aepa- 
rated iVom the urine by evaporating the latter and dissolving the 
residue in boilltig alcohoL Upon cooling the leucin present wUl 
be deposited in whitish plates or masses. Leucin i§ normally 
present in the liver, pancreas^ spleen, lymph glands, sail vary 
glands, and in the thyroid and thymus glands^ 

Tyrosin crystallizes in the form of very fine needles, arranged 
in sheaf-like collections. In masses the crystals are snow-white, 
tasteless^ and odorless. If crystallized from an alkalme solution 
tyrosin often assumes the form of rosettes composed of fine 
needles arranged radiately (Fig. 19), Tyrosin is insoluble in 
alcohol and ether ^ feebly soluble in cold water ^ readily soluble in 
acids, alkalies, and hot water* Aside from its crystalline form 
and characteristic solubilities, tyroeln may be readily recognized 
by several pronounced reactions. 

(a) Hoffmannh Reaction. — When heated with Millon's reagent, 
solutions of tyrosin yield a brilliant crimson or pink coloration, 
which, if much tyrosin be present, is accompanied finally by a 
similarly -colored precipitate. The test in its original form was 
applied by heating with a solution of mercuric nitrate in presenoa 
of nitrous acid,* 

{b) Piria's Beaction, — If tyrosin be moistened on a watch- 
glass with concentrated sulphuric acid, and warmed for five or 
ten minutes on a water-bath, it turns pink, owing to the formation 
of tyrosiU'Sul phonic acid,— CgHi^iSOaOHjNO^ + 211^^0. This 
la then diluted with water, warmed, neutralized with barium 
carbonate, and filtered while hot The filtrate yields a violet 
color on the careful addition of very dilute pcrcbloride of iron. 
The color is readily destroyed by an excess of the iron salt. 

(c) Tyrosin gives out the odor of phenol and nitro-benzol 
upon heating (Kuhn), Tyrosin may be separated from the 
nrinc by fii-st prccipitatiug the coloring matters and extractives 
of the urine by means of basic lead acetate, then decomposing 
the filtrate with sulphydric acid and again filtering. Upon 
« Lteblf 'i AnamL, Bd. Ixxxill, I85a, 3. 124. 
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evaporating the filtrate to the thickness of sjTtipj tyrosin crys- 
tal a will be deposited upon caoling. 

Clinical Significance* — Leucio and tyrosin, as already statedj 
usually occur together, and this applies both to the urine and the 
organism at large. Being products of decomposition of proteids, 
they form in the system in very minute quantities, if at all, 
during normal metamorphosis. When naetamorphic changes of 
a retrograde nature are rapid , as in extensive suppuration and 
gangrene, they form in large amounts. They may in such cases 
pass into the urine, largely supplementing urea< 

Leucin and tyroain are found in the urine in acute atrophy 
t>f tite Uver and in acute phospborus poisoning, often in very 
eonsiderable amounts* They have also been observed in the 
urine in cases of leucocythaemia, typboitl, and Bmalt>po3C. 



M£LANUB1A> 

Melanin is a black pigment which occurs pathologically in 
the urine under various circumstances. It is insoluble in cold 
alcohol, ether, acetic acid, and dilute mineral acids* It is soluble 
in boiling^ strong mineral acids^ in boiling acetic and lactic 
acids, and in strong solutions of sodium^ potassium, and am- 
monium hydroxid. 

Melanin contains carbon, nitrogen, iron, and sulphur, — the 
latter in large amount. The urine containing melanin is not 
usually dark when voided, but it soon becomes so upon exposure 
to the atmosphere^ and it becomes intensely black if submitted 
to auch oxidizing agents as nitric acid, chromic acid, and 
ferric chloride. Melanin occurs as a urinary deposit in the 
form of small, lumpy granules^ much resembling carbon parti- 
cles* In the urine it may be detected hy several reactions: 
(a) By the addition of bromine-water to urine containing 
melanin a yellow precipitate is deposited, which gradually 
blackens. This is considered by Zeller the most delicate test 
formelanuriat (b) When melanotic urines are treated with solu- 
tions of ferric chloride, they yield, according to the concentra- 
tion of the reagent, either a dark-brown cloudiness or else a 
black precipitdte, soluble in excess of the precipitant. This test 
is both delicate and characteristic* (c) When melanin is present 
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ill the urine, if treated witb a dilute solution of nitroprossuie 
ofscKHum and some pota^sinra hydnite be added^ a pink or red 
coloratioa usually appears, which turns blue on the addition of 
acids, owing to the forroatioa of Prussian blue. The latter 
reaction is not due to the melanotic pigment, but to some other 
substance simultaneously excreted. 

Clinical Sfgniflcance. — Mdanuria is frequeutly observed in 
people who are subjects of pigmeitted tumors, notably melanotic 
cancer or sarcoma. It has also been observed in people suffering 
from repeated attacks of intermittetit fevers. The urine of 
people in wasting diseases sometimes con ta his considerable d^ 
posits of melanin. The practical significance of melanuria, aa 
Jaksch has pointed out, is gre^itly weakened by the facts that the 
urine may contain a large quantity of melanin in wasting dis- 
eases, while in melanotic cancer or sarcoma the urine may be free 
from it. For diagnostic purposes, therefore, so far as sarcoma 
ia conoernedf it should only be regarded as adjunct. 

LlPUBIA, 

Kormal urine contains small amounts of fatty matter, pal- 
matin^ and Mearin^ — about 2 grains per gallon. It is probable 
that these neutral fats are increased upon a fatty diet, since 
numerous cases are recorded in which fat lias he%n found in 
abnormal qitantities unaccompanied by pathological conditions. 
Fat is soluble in hot alcohol, ether, benzol, carbon disulphide, 
and chloroform. When mixed with colloids in an alkaline solu- 
tion, fat ia broken up into fine globulins, becoming white like 
milk, — an emulsion. Under the microscope fatty sediments 
appear in the urine in the form of highly-refracting globules of 
various sizes, with dark and somewhat irregular margins. If the 
urine contain fat in considerable quantity, it is usually of a milky 
color, but this readily clears by shaking it with ether. 

Clinical Significance. — Small quantities of fat are frequently 
met with in the urine in chronic parenchymatous nephritis, in 
fatty changes in the kidneys, In phosphorus poisoning, and in 
diabetes mellitus. In one case of diabetes mellitus the author 
met with a large amount of fat in the urine, the occurrence of 
which was intermittent, alternating with the appearance of sugar. 
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Ralfe also states that he found an abundance of oil-globules in 
the urine of a patient who died of diabetic coma. Ebstein 
found a large amount of fat in the urine in a case of hydro- 
nephrosis. Lipuria is a physiological condition with pregnant 
women. Roberts has recorded several cases in which pure oil 
appeared in the urine after the administration of codliver-oil. 
Henderson has reported three cases of lipuria associated with 
heart disease. 

In diseases of the pancreas lipuria is not uncommon, and 
in such cases lipuria has appeared before oil was to be noted in 
the stools. Fat is also frequently observed in the urine after 
fracture of bones and during the course of repair. In acute 
yellow atrophy of the liver, followed by fatty changes in the 
renal epithelium, the urine contains an excess of fatty matters. 

In chyluria the urine contains a large amount of fatty matters 
as well as albumin and blood-corpuscles. The features of this 
disease, however, will be fully considered in a future section of 
this work. 
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ANATOMICAL BEDIMENTB. 

Hjematbeia. 

Blood-corpuacles appear as a urinary sediment in a number 
of conditions, all of which are pathological Their appearance 
varies according to the character of the urine in which tltey 
are founds and the location of the tract from which they exude, 
Tlie typical microscopical appearance of blood-corpuscles is so 
characteristic that little difficulty ie encountered in distinguishing 
Lhem from all other urinary sediments (Fig. 20). Their original 
form is that of biconcave discs of yellowish color. In focusing 
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WtQ. 30,— Normal fiLOOD-coRPXT^cLKS. (After Peyer.) 

with the fine adjustment of the microscope^ the margins of the 
corpuHcles undergo reversal of light and shade owing to their bi- 
concave form. Blood -discs are distinguished from pus-corpuscles 
by the absence of risible cell-contents and nuclei of the former, 

In acid urine blood-corpuscles long retain their characteristic 
features, although in time they shrivel somewhat, and become 
dentated at their margins^more or less stellate in form. In urine 
they do not, as a rule, tend to run together, or to form roulenux 
as when drawn from a blood-vessel, but are for the most part 
distributed pretty evenly over the field of vision* Exceptions to 
(1T8) 
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this rule somctimea occur in cases of pronounced hsemorrhage 
from the bladder or uretbtBe. 

If the urine be concentrated the biconcave character of blood- 
corpuscles becomes exaggerated, but the corpuscles flhrink some- 
what and are more apt to become indentated or jagged at their 
margins. On the other hand^ if the urine be dilute — i.e., of low 
specific gravity — the corpuscles swell and become biconvex, or 
even spherical , and at the same time they lose their optical 
characteristics as well a§ their coloring matters* This occurs 
the more readily if the urine be amnion lacah 

The urine containing blood is usually cloudy and more or less 
reddish in color ^ according to the quantity present. If the quan- 
tity of blood be considerable and the urine be acid the color is 
dark red, but if the urine be alkaline the color is bright red. If 
the quantity of blood in the urine be small the color may give 
no indication of its presence, especially if the urine be coneen- 
trated. Generally speaking, if the blood come from the kidneys 
it is difi'used evenly through the urine, imparting to the latter a 
i*eddish, hazy tint If, on the other hand, the blood be derived 
&om the lower urinary tract, the color is usrnilly bright, and clots 
are not infrequently present Lastly, if blood appear in the urine 
in quantities however small j a distinct albuminous reaction is 
always obtainable. 

Clinical Stgnifleanod. — The clinical significance of haematuria 
embraces a very wide and varied class of pathological conditions. 
In order, therefore, to afford any practical information it must 
first be determined from what source the hfematuria arose. 

In haemorrhages from the kidnei/ the urine is usually of an 
homogeneous, reddish-brown color, of acid reaction, of lowered 
specific gravity, and it often contains renal casts and renal 
epithelium. After standing the urine deposits more or tesa 
brown ^ coffee-colored sediment* If pyelitis be present, the urine 
may have an alkaline reaction. In heematuria of renal origin 
clots are usually absent from the urine, unless they be of the 
long, slender, rod-like variety, showing that they have been 
molded in passing through the ureters. The recognition of 
blood-casts in the urine forms the most conclusive proof of the 
renal origin of hsematuria. The most frequent cause of renal 
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hiematuria is the class of renal diseases grouped together under 
tile term of B right's disease. In the acute forms of tbese lesions 
tiiematuria is nearly always present Tli€ baemorrbage is not 
very pronoimoed in tbese cases, being of pa re nc by ma tons origin. 
It usually subsides with the more acute symptoms of the disease, 
or the chronic Bright^s lesions the interstitial form is the moat 
frequen t cause of hicmaturia, and in such cases the hiemorrhage 
is the most pronounced and obsttnate of all renal hfemorrbages, 
exceiJt that from malignaiit and cystic dtseaae of the organs. 
This is due to the acuomimnying %*ascuUr changes^ including 
cardiac enlargement and atheromatous arteries. 

Amyloid disease less frequently gives rise to hiematuria, 
ftltbough it is by no means rare in such cases, since the small 
renal vessels in this disease undergo pronounced degenerative 
changes. In chronic diffuse inflammatory lesions of the kidney 
hematuria is almost unknown* 

Malignant growths of the kidney give rise to most trouble- 
some, profuse, and repeated attacks of hematuria. Such cases 
are to be recognized by renal tumor, pain, and general cachexia 
of the patient. Tubercular disease of the kidney not infrequently 
gives rise to heematuria. The urine in such cases contains more 
or less pus and broken-down tissue debris which do not alto- 
gether subside as a sediment. Hgematuria from tuberculosis, 
like in cancer, is intermittent in character, and there may also be 
present tumor, but usually no pain. The diagnosis rests upon the 
general symptoms of tuberculosis, such as emaciation, elevation 
of temperature^ etc. ; but most conclusively upon the isolation 
and propagation of tlie bacillus tuberculosis from the urine. 

Renal calculus, whether confined to the kidney or, as is more 
frequent, when occupying the renal pelvis, nearly always gives 
rise to hfematuria sooner or later* In these cases the hgemor- 
rhage is most marked upon exercise, and usually diminishes or 
subsides upon continued rest Pus-cells are always present in 
the urine in hfomaturia of calculous origin. Fixed pain in the 
region of the kidney, usually with tenderness upon deep pressure 
over a certain point, sometimes retraction of the testicle as well 
as reflected pain upon the atTected side, often extending down the 
leg, serve to diagnosticate hfematuria of calculous origin. 
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In endemic hseraaturia of the tropica the cause is due to & 
minute parasite in the kidney — Bilharzia A^maio6t— which will 
be described later on. Among the other causes of hseuiaturia of 
renal source ma^^ be menLioned cystic disease of the kidneys, 
abscess, renal embolism, hydatids, acute febrile processes, purpura 
ha3morrhagica, uterine and crural phlebitis. Renal hiematuria 
may arise from the ingestion of certain drugs, as turpentine, can- 
tharidis, and a number of toxic aubstances. Lastly, hfematnria 
of renal origin may arise in consequence of traumatisms involving 
the kidneys, either directly as by blows or wounds, or indirectly 
from concussion. 

In mEtml hsBmaturia the urine is usually alkaline in reaction, 
always so if accompanied by cystitis of long standing. In such 
cases the urine is ammoniacal and thick from mu co-pus, and 
crystals of triple phosphate are usually present. In vesical 
hsematnria clots are more common than in other forms of hcemor- 
rhage. These are usually of an irregular or ragged shape. The 
blood is brighter in color and less intimately mixed with the 
urine than in heBmaturia of renal origin. Stone iu the bladder 
is perhaps the most frequent cause of hematuria of vesical 
origin, and, in such cases, the blood is almost normal in api>ear* 
ance and is passed mostly at the close of the act of micturition. 
The grade of hrematuria in these cases depends largely upon the 
acuteness of the attack. In cystitis of the vesical neck the 
symptoms closely resemble those of stone. The most pronounced 
hematuria of vesical origin is that associated with villous 
growths and carcinoma of the bladder- walls* The urine is 
uf^uan3^ normal in quantity and specific gravity in such cases, 
and the reaction is usually feebly acid. The sediment is brownish 
red, flocculentjand often contains flesh-colored fibres and shreds. 
The quantity of blood may be so pronounced iu these cases as 
to cause coagulation within the bladder, or, as is more frequent, 
shortly after the urine is voided* Vesical hssmaturia is also 
common with neoplasms of the organ, fibrous tumors, polypi, 
and varicose conditions of the vesical neck. 

Hscmaturia of urethral origin may be known by the hgemor- 
rhage preceding the flow of urine as well as between the acts of 
micturition, the urine itself being usually unaltered in any of its 
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esaential characters. It may ariBe from acute gonorrbcBa, neo- 

piasms, tnuimntbms^ urethral chancre, or from surgical operationa 
such as cutting or divulsioB of strictures. 

Ptueia, 

Pus may be derived from any part of the urinary tract and 

appear in the urine as a sediment. The urine containing pus ia 

alwnys more or less turbid when voided^ and givea the albuminous 

reaction. In their norma! state pus-corpiiscles appear under the 
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microscope aa circular, pale^ finely-granular discs, averaging in 
Bize neiirlj double that of the red blood-corpuacle. They contain 
distinct nuclei, which are often multiple, — two or three. If pna 
be diluted with water, the corpuscles may be observed to slowly 
swell up and become paler, with more delicate outlines. This 
process is more quickly produced by acetic or other organic acid, 
whicli renders the nuclei very distinct, but causes the granulated 
appearance of the cell-protoplasm to disappear (Fig, 21). 

Pus-corpuscles are similar to, indeed practically identicAl 
with^ muoouB corpuscles, the white corpuscles of the blood and 
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ly^ph. When examined m the fresh »tate they exhibit the 
amceboitl tnovementa, and also show the iiaual glistening appear- 
aoce of living protoplasm. As seen in the nrmary secHment, 
pns-coipiiscUs are dead, the protoplasm being coagulated into 
coarse granules* 

The chief constituents of pus-corpnscles are albtiminotia bodies, 
of which the largest proportion is nueleo-albumiu, which is in* 
soluble in water, and which ejcpands into a tough, slimy mass 
when treated with sodium-chloride solution, Tliis substance is 
soluble in alkalies, but quickly changed thereby into Rovida's 
hyahne substance. Besides this pusK^orpuscles contain an albu- 
minous substance which coagulates at 4C>° C, as well as serum- 
albumin and peptone. The ceU*prctoplasm also contains, in addi* 
tton to the above, iwUhirij cholesterin , sanihin bodies^ fat^ soaps^ 
and cerebrin. In pus from congested abscesses which have 
stagnated some time there is peptone ^ leudn, and iyrosin^ free 
faitt/ acids and volatile fatty acids^ such as formic acidf butyric 
acid^ valerianic acid, Fyin also is a specific constituent of 
pus,^ — a nucleo-albumin precipitabte by acetic acid. 

Pna may be derived either from the f^ee mucous surface of 
the urinary tract, an nicer, or from tissue-substance, and in each 
case it is likely to be mixed with elements from its place of 
origin which become of great diagnostic value. In addition to 
this pus-corptiscks themselves frequently contain micro-organ- 
isms which explain the pathological conditions of the jmrts from 
whence they are derived. Pus-corpuscles are greatly ciianged by 
contact with ammonia or other strongly-alkaline bodies; thecor- 
pusules swell up and coalesce into an homogeneous^ sticky mass, in 
wUich all but the nuclei are indistinguishable by the microscope, 
Aiiimoniacal urine containing pus deposits a vitreous-looking, 
slimy mass, so sticky that in decanting it from a vessel it slips out 
en masse. The peculiar behavior of pus with caustic alkalies just 
alluded to forms the principle of Donn^^s test for pus, by which 
the latter may usually be known without recourse to the micro- 
scope* The test is performed as follows : After the sediment has 
settled to the bottom of the glass or test-tube, pour off the 
anpematant urine and add liquor potassse to the deposit. 
If the sediment be pas it is at once converted into a gUiry, 
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gelatinoos>like subatance which adhcrea to the glaei or flows in 
a mass* 

The turbidity of the urine containing pus, as well &b the sedi- 
ment itselfj often rosembles that due to the pale^ granular urates. 
The distinct ion, however, is easj^ since heat dissipates the 
turbidity due to urates, while it only serves to iu crease the cloud 
due to the presence of pus by coagulating its containetl albumin, 
The pus-deposit also frequently resembles the earthy phosphatio 
sedijnentj but the distinction here is also easy. The addition of 
an acid promptly dissolves the phosphate deposit, while it only 
iiicrcaBes the turbidity due to pus by coagulating its contained 
alb u 111 i n o n s ele m en ts> 

CHnloal Signiflcanoe.^Of all sediments met with in the urine 
that of pus is the most common. Any affection of any part of 
the urinary tract, from the slightest forms of irritation up to the 
gravest lesions, are usually accompanied by pyuria. The clinical 
signiOcance of pyuria, therefore, embraces a wide range of 
pathological conditions. 

The first paint to be determined, if possible, is to locate the 
pjii'ticular Held of the urinary tract from which the pus origi- 
nated. This may often be determined by the general characters 
of the urine, together with the nature of the accompanjing de- 
posits. When pus originates from the kidney or renal pelvis 
the urine is most apt to retain its normal acidity* Round epi- 
thelium and even casts may be present, and if so it gives the 
most conclusive evidence of the source of the pyuria, especially 
the presence of casts. When the pyuria has its source in the 
kidney or renal pelvis the pus is intimately mingled with the 
urine when voided, but it quickly settles upon standing, forming 
a whitish, flo ecu lent sediment. The absence of bladder symp- 
toms in pyuria goes far toward establishing the renal source of 
[lyuria. 

Pyuria is usually associated with such renal lesions as chronic 
diffuse inflamraationsT pyonephrosis, pyelonephritie, cancer, tu- 
berculosis, and nephritic abscess. In pyelitis, either of calculons 
or obstructive origin, pyuria is always a prominent aecompanying 
symptom. 

When pyuria la of vesical origin the urine is often alkaline — 
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ftmmoniacal — when voided; if Dot, it soon becomes bo upon 
Btanding. The urine is likely also to contain considerabie raucus j 
BO that the deposit is more glairy and sticky than in renal pyuria. 
In addition to pus the urine is likely to contain such associated 
deposits as amorphous and triple phosphates and flat epithclmm 
in excess from the bladder-walls. Local symptoms such as fre- 
quent and paiuful micturition aid in pointing to the source of 
the pus-formation. 

Cystitis of all grades is always associated with pyuria, and 
the quantity of pus-deposit in these cases is often pronounced. 
Obstructive cystitis, vesical stone, ulceration, tuberculosis, and, 
in short, all bladder affections are ordinarily associated with 
pyuria. 

Iq uneom plicated diseases of the prostate pus appears fre- 
quently in the urine, often in the form of threads long drawn 
out Somewhat similar threads of muco-pus appear in the urine 
in chronic gonorrhoea. These are often rolled into little balls 
by the stream of urine as it Bows down the urethral canaU The 
pyuria in acute gonorrhteal conditions is almost self-evident as 
to its source. If any doubts arise upon the question they may 
be readily settled by directing the urethra to be flushed^ when 
the urine voided immediately after will be free from pus, if of 
urethral origin. 

Determination of Blood and Pus in the Urine. — When, as is 
frequently the case, the urine contains a very considerable quan- 
tity of blood or pus, it is of practical importance to be able readily 
to determine the amount of either from day to day, in order to 
estimate the results of treatment. This may be rapidly accom- 
plished by means of the author's percentage tubes and centri- 
fuge. The process consists simply in sediraenting the urine in 
the percentage tubes until the urine is clear, the sediment being 
completely packed in the tips of the tubes, when the bulk per- 
centage may be read off from the scale. 



Eplf HELIUM. 

Epithelium from some part of the urinary tract usually 
forms a part of every urinary deposit, and, furthermore, it is usual 
to find scattering epithelial cells in the y riue when the latter is m 
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all respects normal. Epithelium is the normal product of mucoui 
surfaces^ and may be expected to be found id small amounts in 
any given sample of healthy urine. But ia diseased states of the 
urinary tract the lining epithelium is often thrown off in very 
conaiderable amount^ forming plainly-visible urinary sediments. 

It was formerly believed that the various divisions of tlie 
nrintiry tract possessed their own special forms of epitheliumjand^ 
therefore, the special forms of epithelial cells found in the urine 
became valuable aids in locating the seat of lesions of the urinary 
tract This vtew is, indeed^ still held by a number of promineut 
observers. More accurate and extensive observations, however, 
have shown that this can only be depended upon in a very 
general way. Very often the epithelium claimed to be charac- 
teristic of certain divisions of the urinary tract has been fouml 
in all its typical peculiarities in a totally diflerent location. This, 
however, is the more likely to be the case in divisions most 
nearly located to each other. The divergent views upon this 
point, held even by the ablest and most experienced olwcrvers, 
may be illustrated by the following: Sir William Roberta 
describes the epithelium shed from the renal pelvis aa that of 
** very irregular, spindle-shaped, tailed, three-cornered, elongated, 
rudely circular, etc." Dr. Dickinson has carefblly figured the 
epithelium taken from the bladder, and, in reply, laconically 
observes : *^ It will be seen that these varieties of form^ even to 
the et cmtera^ are equally characteristic of vesical disease," 

The epithelium in the urine may be classed under three 
divisions (Fig, 22); (a) Small rouud cells, spheroidal, finely 
granular, with comparatively large nuclei and nucleoli, the latter 
excentrically located. They occur singly or collected into groups ; 
in the latter case often cohering rather firmly, so that they fioat 
about in masses. They sometimes contain fatty matter, when 
springing from long^iiseased locations^ These cells may be 
found in their most typicAl form in the convoluted tubes of the 
kidney* They also occur in the deep layers of the mucous tract 
of the renal pelvis, bladder, and male urethra. These cells are 
to be distinguished from pus-cells by their somewhat larger si^se, 
larger and more distinct single nucleus, requiring no acetic acid 
to develop or bring the nucleus into view. No positive coaeln- 
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Biona can he drawn from the mere appearance of these eelia in 

the urine in reference to the precise location from which they 
originated. It may be the kidney, renal pelvis, nreter, bkdder, 
urethra, or urethral glands. If, in a given deposit, the round 
cells in their typical form greatly predoraiuate, and if the nrine 
footatn albumin and there be other evidences of renal disease, 
it may be inferred that the cells come from the kidney- (t) The 
second form of epithelium met with in the urine is the columnar 
variety. These cells are of irregular, though alwnys elongated, 
form. They are described as caudate-, spindle-, and cylindrical- 
shaped. They are incliue<l to angularity in outline, and, like the 
round cells, have a well-marked nucleus, visible without the 
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Fio. 22.— Epithei^ium from VAWOtrs PAHra of ths TJexnart Trj.ct. 
(After T.JakBchJ 



action of reagents* They may occur singly or in groups. The 
columnar epithelium may be derived from the superficial laj er 
of the mucous membrane of the renal pelvis, or from the deep 
layers of the bladder, ureters, or urethra. The statement of 
Ebstein,* that tailed epithelial cells associated with pyuria con- 
stitute the most positive evidence of pyelitis, is quite untenable. 
More recent aud accurate ol>8ervation has amply demonstrated 
that these cells exist in all their typical forms throughout the 
whole urinary tract, excepting the kidney itself, (c) The third 
variety of epithelium met with as a urinary sediment is tJie 
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ftquiimons or pnvemcnt form. These cells are large^ flat, some- 
what roimded, tUougU irregular in outline, and have a distinct 
and usually central nucleus, very prominent without the aid of 
reagents. These cells are deriTed chiefly from the bladder and 
vaginji; in the latter case the cells are usnally larger than those 
from the bladder. 

Clinical Signlfloanoe.— As already stated, little more than 
irifurL'Uuea are to l>e drawn from the appearance of a particular 
form of epithelium in the urine, as to the precise loeatiou of its 
origin. While certain forms of epitheUum predominate upon the 
suijerlicial surface of the mucous tract in certain locations, the 
deeper layer always contains transition cells, which approach 
more nearly those of the surface layer in other locations. In 
diseased conditions, therefore, cells are thrown off from both the 
surface and deep layers, and the epitheUum is nearly always, 
accordingly, of mixed varieties. 

But if we are unable to locate the anatomical seat of a lesioti 
by the character of the deposited epithelium, we may, neverthe- 
less, gather informatiou of value as to the nature of the patho- 
logical condition present from the exfoliated cells found in the 
urinary sediment With regard to renal lesions, it may be stated 
that practically the whole class of so-called Bright's lesions are at- 
tended by epithelial serliments in the urine. In the acute diffuse 
inflammations of the kidney the round epithelial cells from the 
urinary tubes are oflen thrown off in large quantity^ so as to form 
a very considerable sediment. For the most part, in such oases, 
the epithelium is in a good state of preservation, the nuclei and 
outlines of the cells being sharply marked. In the more chronic 
lesions of the kidney the round epithelium appearing in the 
sediment is often fatty, the space between the nuclei and cell* 
wnlls being sometimes filled with oil-globules. The cells them- 
Bdves are often partly disintegrated or broken down, presenting 
a ragge*! appeanmee. These partly-d is organized cells may often 
be seen adhering to renal casts, or they may themselves become 
adhered together, forming casts, 

lu chronic interstitial nephritis and uncomplicated amyloid 
disease of the kidneys but little desquamation from the renal 
tubules occurs, and in these cases the fewest round cells occur in 



ANATOUICAL 81I>I!ONT& 



18fl 



tlie urtne. On the other handf in acute eearktiiml nephritis the 
number of round epithelial cells in the urine is sometimes euor* 
mou^. In acute congestive conditions of the kidney a verj 
decided deposit of round cells are sometimes met with in the 
ariuc, without other pronounced changes in the latter save 
albuminuria. 

In pyelitie and diseases of the renal pelvis considerable de- 
posits of epithelium are met with, and in such cases^ although 
round cells may be present, the tailed and spindle-shaped cells — 
columnar — are more apt to predominate. 

In cystitis there is more or less deposit of large flat epi- 
thelium. If the cystitis be of mild grade or largely confined to 
the su{>erticial surface of the mucous coat of the bladder/the large, 
flat, irregular-shaped epithelium predominates, but in cystitis 
Involving the deeper layers the large flat cells are more likely to 
be mingled with the columnar variety. 



URINARY CA8TS. 

TJiinary casts have always and very properly been regarded 
of the highest diagnostic value. They were probably first seen 
by Tigla and Rayer, but the able investigations of Henle and 
Kovida gave to the profession the most complete information as 
to their character and significance. 

Three chief views have been held as to their nature and mode 
of production : — 

First, that they are the result of disintegration of the epi- 
thelium of the renal tubules, the resulting pro<]uets becoming 
packed into molds by the pressure of urine, until at lengtij they 
Klip through the smaller convoluted into the large straight tubes 
and appear in the urinary sediment 

Second, that they consist of a secretion of the morbidly-irri- 
tated epithelium lining the renal tubules, which cakes into molds, 
and the casts thus formed arc washed dowu with the urine. 

Third, that they consist of coagulable elements of the blood 
which gains access to the renal tubules through pathological 
lesions of the latter, and that any free or partly-detached prod- 
ucts of the tubules become entangled in this coagulable product, 
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assisting to form the molds of the tubules, which subsequently 
appear in the urine as casts. 

The last view is the one most generally accept ed» at least so 
far as the nature and origin of the great majority of casts are 
concerned. 

Althongh the substance forming the basis of casts is evi* 
dently closely allied to proteids, yet it is certain that it is not 
identical with any proteid with which T?re are at present familiar ; 
perhaps it is a derivative thereof. Rovida claims for hyaline 
casts the characteristic of being soluble in dilute mineral acida, 
Kenal casts have been variously classified^ but the moat useful 
division for clioical study is as follows : — 

1, Those consisting of anatomical elements such as epithelial 
cells, blood- and pus- corpu-^cles. 

3. Those consisting of the products or broken-down elements 
of anatomical substances. 

3* Those clear casts often termed " hyaline^'^ the nature of 
which I as well as is their origin, is still a disputed question. 

The first division naturally includes those casts largely made 
up of (a) red blood-eorpnecles, {b) leucocytes, (c) epithelial cells, 
{d) masses of bacteria* 

The second division comprisea (a) granular casts, {h) fatty 
casts. 

The third division comprises (a) narrow h^'aline casts, (h) 
broad casts, (c) composite casts or those largely clear, but more 
or less coated with the elements enumerated in the first and 
second divisions, such as blood, pus, epithelium, fat, etc, 

Blood-Casts. — These appear in the urine under conditions 
which give rise to haemorrhage within the urinary tubules. 
tXnder the microscope they often appear as very beautiful objects. 
The perfectly-preserved corjiuscles may be observed glued to- 
gether in perfect molds of the tubules, being usually short, of 
pretty uniform diameter throughout, and with rounded ends. 

These casts are met with in the urine in ha^maturia, acute 
diffuse nephritis, acute renal congestion, and hiemorrhagic in- 
farctions of the kidneys. Blood-easts do not in themselves 
furnish positive evidence of organic renal disease, since any 
heemorrhage of the kidney may have associated therewith blood* 
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0&8t3 in the urine. On tbe other iiaad, it may be stated that the 
presence of blood-casts in the urine constitutes the only positive 
evidence of the existence of renal haemorrhage. Blood-casta 
may be considered as belonging to the rarer forms of renal casts 
found in the urine, and they are usually diflSctilt to find, since a 
large sediment of free blood-corpuscles usually accompamea 
them, which greatly obscures the microscopical field. 

Epithelial Casts.— These result from pathological conditionB 
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which cause exfoliation of the epithelium of the renal tubules. 
Sometimes the epitbelial lining of the tubules is thrown off intact 
for short distances, resulting in epithelial cylinders which possess 
lumens. Tbe epitljeltal cast also occurs in a solid form, the 
body being made up of hyaline substance and the snrfaee covered 
with epithelial cells. These cells, as viewed under the microscope^ 
appear more or less swollen and giiinular, with ill-defined margins. 
In some cases the epithelial cells appear in rows or in patches 
over the surfaces of the casts (Fig. 23) > In other cases th« 
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epithelial cells have partly undergone degeneration or contain 
dotleta of fat. These are significant of chronic or, at least , fatty 
changes in progress in the kidney* Finally some easts are to 
be seen which are entirely composed of epithelial cells aggluti- 
nated together. Epithelial casts are usually of metlium size and 
length, refracting light to a comparatively high degree, and are 
tlierefore easy to discover in the microscopical field* They resist 
the action of chemical reagents to a greater degree than most 
other castSf except those that are partly metamorphosed. The 
presence of epithelial casts in the urinary sediment may be taken 
as a positire evidence of inflammation in the anatomical struct- 
ures from whence they originate; and they are oonsequently 
sediments of the highest diagnostic value. 

Pus -Casta.— Casts composed exclusively of pus-corpuscles 
are exceedingly rare. Not infrequently^ however, compound 
casts are met with, composed of epithelium or granular matter^ 
in which scattering pus-corpuscles may be seen dotted over their 
surfaces, Johnson has described and illustrated casts entirely 
composed of pus-corpusclea which came from subjects who sub* 
sequently died of multiple abscess of the kidneys. Such casta, 
however, have rarely been noted by other observers. 

Bacterial Casts*— It is no rare occurrence to meet with casts 
in the urine which are composed of mas yes of micrococci. In 
appearance they closely resemble the dark granular casts, but 
they are readily distinguishable from the latter by their resist- 
ance to such chemical agents as strong mineral acids and caustic 
alkalies. They are more opaque than other casts, of a grayish 
color, and are uniform and very fine in their outlines. The use of 
high microscopical powers will render confusion in distinguishing 
these casts almost impossible. The discovery of casta in the 
urine made up of bacterial masses must be taken as a factor of 
very grave significance, since they are chiefly found in septic 
forms of nephritis often accompanied by embolism. They occur, 
therefore, in interstitial suppurative nephritis or ascending pye- 
lonephritis. 

Granular Casts. — This form of renal cast comes under the 
second division named, being the result of metamorphosis of 
anatomical elements, usually of epithelium, pus, or blood, Qranu- 
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lar casta are found in the uriue in great variety, as is shown bj 
the terms frequently employed to designate them, such as Jinehj 
granular y coarsely granular, granular^ highly granular^ moder- 
ately granular J light granular , dark granular^ etc. 

Granular casts vary much in size and shape, as well as in 
appearance. They are moat often met with in fragmentary 
forms, only occasionally preserving their entirety or perfect 
forms. They are irregular both in their coftrse and fine outlines, 
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and their ends are usually ragged, as if recently fractured* The 
granulations are often exceedingly fine, requiring high powers to 
distinguish them ; while, again, they are coarsely granular ^ which 
is apparent with comparatively low powers (Fig. 24)* They are 
of various colors, as yellowish, white, g^^J* ^^d brown. They 
may have scattered over their surfaces epithet inm, leucocytes^ fat- 
globules, or fatty crystals. Granular casts have generally been 
regarded as indicative of pathological conditions of the kidneys 
of chronic or degenerative character. 
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Fatty Casts.— It has already been stated tliat fatty elements 
are sometimes seen mingled with the elements of epithelial easts, 
and the same may be said with regard to granular and many 
other fortns of casts. But^ in addition to these, highly-refracting 
casta are often met with in the urines whose surfacee are com- 
pletely studded over with fatty globules and, leas often, with fine, 
needle-like, fatty cfyatals (Fig* 25), Fatty casts are the result 
of a di^erent form of transformation of anatomical elements from 
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the last described. They conatitute the Index of fatty changes 
in the kidneys, and are found in their most typical form in 
^* large white kidney,*' They may be looked upon as eTidenees 
of pathological states of the kidney, the chief feature of which 
is extreme chronicity, since they are probably the result of com- 
plete destruction of the cell^protoplaara, which becomes replaced 
by fatty elements. 

Hyaline Casta. — These are pale structures of variable but 
usually considerable lengthy sometimes very difficult to detect in 
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the eediment (Fig. 36). Sometimes they exhibit eo granulation 
whatever upon their surfaces, being, in fact, almost transparent. 
Much more frequently, however, they exhibit very fine granula- 
tion of a very light color. They may exhibit here and there & 
dotlet of oil or a fragment of epithelium upon their surfaces^ 
and, indeed, this is usually the case, although such caste are 
considered strictly of the hyaline order. 

With regard to the origin of hyaline casts, much diO'erence 
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of opinion has prevailed. Oertel contended that they were the 
result of secretion from tlie epitlielisil cells of the renal tnbules, 
and in this opinion he was supported by Rovida. Bartels, on 
the other hand, holds that these easts are formed by a coagula- 
tion of the albumin or its derivatives excreted with the urine. 
As evidence of this, he states that they are only present in urine 
that is albuminous, or that has very recently been albuminous; 
for the occurrence of albuminuria and casts are not always 
eimultaneoua. 
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While the orjgitt of the hyaline caste m not at present so 
clearly understood as most of the other fornis^ it is probable 
that they are formed by coagulable elements of the blood which 
has gat lied access to the renal tubules. The experLments of 
Ribbert upon animals indicate that hyaline casts may result 
directly from exudation of albumin into the tubules; and their 
disappearance from alkaline ttdne upon standing further indi* 
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catea their close relationship to albuminous bodies, aa long since 
demonstrated by the author.* 

Numerous observers have claimed to have found hyaline oasts 
in non-albuminous urine^ but the author agrees distinctly with 
Bariela in that he has never met with them save in albuminous 
urine or nrine that has recently been albuminous. 

The disposition by some to regard hyaline casta of the small, 
narrow order aa of no serious im|>ort is a mistake of the gravest 
character, for, indeed, they are often the chief evidence, so far as 

1 Joaroftl of the Amertcui Medic &i Aisoclatlotif SepUmber I3j 18S5. 
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the urine is concerned, of the existence of a most serious form 
of renal disease, vi2., interstitial nephritis ; for it should be re- 
membered that in such cases albuminuria is nearly always small 
in quantity. 

In addition to narrow hyaline casts which doubtless come 
from the smaller tubules within and above the middle zone of 
the kidney, the urine often contains large, broad hyaline casts, 
evidently emanating from the large, straight tubes of the pyra- 
mids. As a rulCf these larger^ clear casts are more refracting, 
and consequently more distinct both in body and outline than 
the narrow casts. They are also more indentated at their mar- 
gins, although pretty uniform in their dimensions. There is ft 
form of hyaline cast, usually of large size, that occasionally^^not 
always — exhiliits the characteristic amyloid reaction with methyl- 
violet and iodo-potassic iodine solutions. They are large and 
usually rather long, and their surfaces may be marked by inden- 
tations showing imperfect vertical segmentations, — 'Uape-huorm 
form" (Fig. 27}* The term waj-i/ as applied to these casts is 
inappropriate. It was formerly thought that these easts were 
characteristic of amyloid changes in the kidneys, but more ex- 
tended observations have shown that they are found in all forms 
of nephritis. '^ These catita may exhibit the amyloid reaction in 
the absence of amyloid kidneys, or they may fail to exhibit it 
when amyloid disease of the kidney is present, and therefore no 
diagnostic value can be attributed to the reaction, save, perhaps, 
as indicating degenerative changes in the casts themselves" 
(Roberts). These casts are of comparatively rare occurrence. 

Cytindroids, — In addition to the casts described, the urine 
sometimes contains the so-CAlled cylindroids of Thomas, who first 
observed them in the urine in a case of scarlatina. These are 
long, wavy, ribbon*like structures, which often divide and sub- 
divide at their ends with diminishing diameters. These ends 
may be folded or twisted in corkscrew form. They are pale, 
colorless, and of greater length than the ordinary casts described^ 
and rarely, if ever, have attached to them any cellular elements 
whatever* They appear fiat and do not give the impression, to 
the eye, of being solid structures like true renal casts. It seema 
not improbable, however, that these cylindroids come from the 
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renEl tubules. Thoj occur in nephritis, cystitis, and renal con- 
gestion^ and ma}^ be present in urine that is free from albumin. 
They are not characteristic of kidney disease, but probably more 
often caused by irritation of t!ie lower urinary tract, which has^ 
in a measure* extended to the kidneys. 

Lastly, it may be stated that casta are sometijnea met with in 
the urine composed of urinary crystals or granular salts. Only 
those composed of urates and hasmatoidin have thus far been 
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observed J and they are of little practical significmnce, being only 
found in the urine of infants, or in cases of gout, renal conges- 
tion, etc. 

Method of Searching for Casts-— Since the more recent 
methods of obtaining the urinary sediment by means of the 
centrifuge, we no longer encounter the obstacles which were 
often very annoying and sometimes almost impossible to sur- 
mount in making a satisfactory microscopical inspection of the 
urUie, The obstacles referred to especially were the following: 
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(a) The difficulty often encountered in getting casts to settle 
in urines of high specific gravity, becrmse renal casts are of 
comparatively light weight and often float in such urines for 
hours without subsiding, (b) The changes in the urine upon 
standing often altered the essential features of the deposit, as 
before stated, sometimes reuderitig them unreeugn liable, (c) In 
urine which stood long euough to secure the sediment, tbe micro- 
scopicfU Held sometimes became so crowded with niicro-organiama 
that the organic products were completely obscured from vision. 
Ilappily, these difficulties are now matters of the past; and it is 
only necessary to secure a freshly -voided sample of urine, submit 
it to the centrifugal apparatus for two or three minutes, and we 
have a true and unaltered sediment, that exactly represents the 
pathology of the urine as it leaves the urinary tract. 

The urinary sediment obtained — always preferably by the 
centrifuge — is best examined in a shallow cell, upon a glass slide 
carefully covered with a cover-glass. This is best secured by 
taking up about 4 to 6 drops of the sediment in a nipple-pipette 
from the bottom of the sediment4ubes of the apparatus, and 
placing them upon a carefully-cleaned slide, then placing the 
cover-glass over the cell, and with the thin, freahly-toru edge of 
a piece of blotting-paper removing the excess of urine, which 
tends to spread over the cell and along the slide. By this means 
the sediment constitutes a temporary mount, so that it may be 
examined at any angle without flowing out of the ceM. The slide 
is next placed under the microscope, which is adjusted with a 
|-inch olijective for ordinary search, and examination conducted 
in a clear, but not too bright ^ light. 

The greatest difficulties encountered in searching for casts in 
the urine will usually be met with in the case of narrow hyaline 
casts. These bodies are so transparent and non-refracting that 
they are exceedingly liable to be overlooked. This may often be 
avoided by proceeding as follows : After securing an accurate 
focus of the field by careful regulation of the fine adjuatmcnt of 
the instrument, gradually darken the field by the mirror-adjust- 
ment and throw the light obliquely across it, illuminating the 
field, in fact, but about one-half or two-thirds its extent. Next, 
by slowly moving the slide about, the different features of the 
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sediment are presented to view in diflerent lights, and the outlines 
or shadows of fine hyaline easts will often be brought into ^iew^ 
when they would be perfectly transparent and unobaervable in a 
more direct reflection of sharp light. Once the outline is seen^ 
by careful re-focusing the cast often stands out with distinctness. 
If doubts remain as to its true nature, by depressing both ends 
of the slide with the finger-tips currents wiU be created in the 
urine beneath the cover-glass (if mounted as directed), so that 
the cast will be made to move and even roll over^ which will often 
settle any question as to its nature. The author has not found 
it necessary to treat these casts with staining agents to bring 
them into view^ although this may be practicetl successfully. It 
is, however, preferable, if possible, to view the microscopical de- 
posit, and especially renal casts, as nearly as possible in their 
native state, for obvious pathological reasons, 

Speematozoa, 

spermatozoa are thread-like bodies provided with a bead and 
a long, tapering, taiUike extremity* The head is of a flattened 
oval shape with a central depression on either side. The head 
and tail are united by an intermediate, cylindrical-form body or 
neck of uniform size. The entire length of a spermatozoon is about 
^^^ inch. When freshly ejected with the spermatic fluid sperma- 
tozoa exhibit active, eel-like movements^ as though endowed with 
separate life, and under favorable circumstances — warmth and 
moisture — they long retain this capability* These movements 
may be observed in the body for several days after death, and in 
the uterine secretion longer than a week. The cause of the 
movements in spermatozoa is unknown, though it has been con- 
tended that they are mere floating cilia. Acid liquids stop these 
movements immediately, as do strong alkalies, especially ammo- 
niacal liquids; also distilled water, alcohol, ether, etc. Sperma- 
tozoa show great resiatance to chemical reagents. They do not 
dissolve completely in sulphuric acid, nitric acid, or acetic acid ; 
but they are dissolved in boiling potassium -hydrate solution. 
They resist putrefaction, and after drying they may be obtained 
again in the original form by moistening them with a 1-per- 
cent, sodium-chloride solution. By careful beating and burning 
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to A^h the shape of these bodiea i§ said to be seen in the ash 
(Hamnjarsteti). 

As found in the urine spermatozoa are nearly always in the 
quiedcent state, and they may be found in the urine which has 
stood for days, their t^^pical form being welJ preserved (Fig. 29). 

Clinical Significance.— SjM?rmatozoa are only found in semen 
or fluida mingled therewith. Their persistent absence frorn 
seminal fluid indicates sterility or incApability of procreation. 
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Spermatozoa may be found in the nrine after every ejaculation 
of seminal fluid, and therefore they may aid the physician in de- 
tecting masturbation. Spermatozoa are found in the urine in 
some cases of severe illness^ such as typhoid fever* typhus pneu- 
monia, and after epileptic attacks. A very constant deposit of 
spcrmatozoids in the urine constitntes an essential feature of 
spermatorrhc^ea. In snch cases the urine oiXen shows the presence 
of white flakes, which under the microscope appear as masses of 
spermatozoa and finely -granular matter. 

J4 
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Fraomkntb of Tumors. 

Contrary p€rhaps to geiieriU belief, fragments of new growthi 
are rarely met with in the urme, and those that are occasionally 
encounlered nearly always origmate in the bladder. Small 
polypi have been found in the urine a few times, as well as frag- 
ments of villous growths* More often, perhaps, carcinoma of 
the bladder parts with some of its constituents, which subse* 
quently appear in the urine. In such cases the fragments are 
usually necrotic, and therefore practically imponsible to recognize. 
The typical villous growth appears in its finest subdivisjons as 
characteristic, tree-like branches — '^ fringe-like ^^ — which consist 
of enlarged vessels covered with a single layer of epithelium ; but, 
owing to the necrotic changes resulting in their disiutegratioiif 
these fragments are seldom seen in the unne in typical fomL 
The epithelium has usually undergone molecular degeneration, 
accompanied by bacterial life, and the villus itself is infiltrated 
with the products of suppuration. It is only occasionally that 
forms are met with which assist in diagnosticating villous 
growths. Thus, crystals of hiematoidin may be observed in the 
necrotic masses, or they may be brought out frequently by 
treating the masses with glycerin* They may be recognized by 
their brownish-yellow color; small, rhomboidal form; or yellow, 
grass-like tufts< Treated with nitric acid and observed under 
the microscope, the well-known play of rainbow colors reveals 
the presence of bilbry coloring matters. Since hfematoidin 
occurs in the urine only in isolated crystals, it follows that, if 
found imbedded in necrotic masses, it goes far to establish a 
diagnosis of cancer, since such conditions are only found with 
such growths (Jaksch). Haematoidin villus is rarely recognized 
save in acid urine, because in alkaline urine the villous tissue is 
more disintegrated and mixed with phosphatic deposits. 

Cancer of the kidney can rarely, if ever, be diagnosticated 
from the nature of the anatomical sediments in the urine. The 
transitional epithelium, more or less abuudantly present in all 
Inflammatory conditions of the urinary tract, simulates so closely 
those of cancer that it is never safe to draw any positive conclu- 
iioDB aa to the presence of cancer from this source* It is only 
wliea considered in connection with other symptoms, such as 
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hfemorrhage^ paiDi cachexia, etc., that a positive diagnoBia may 

usually be reached. 

BACTERIURIA. 

It has been generally accepted that healthy urine when freshly 
voided is free from bacteria, aud is, in fact, an aseptic fluid. 
Over thirty years ago Pasteur demonstrated that such urine is 
sterile, aud this has been repe^itedly confirmed since. If, bow- 
ever, the ordinary normal urine be allowed to stand for some time 
at ordinary temi^ratures it becomes crowded witU micro-organ- 
isms. This is due to the fact that the urine contains so large a 
percentage of organic matter that it practically constitutes a 
culture medium for many forms of these organisms. 

Abnormal urine nearly always contains micro-organisms, of 
which nearly forty varieties have been 
isolated to date* They practically all 
belong to the class of fungi, and for 
purposes of study may be divided into 
two classes, viz. : (a) non-pathogenic 
fungi^ or those which are innocuous, 
and {b) pathogenic fungi^ or those 
possessed of pyogenic powers. 

Non-pathogenio Fungi* — These in- 
clude moldn, yeasts, and Jission -fungi. 

Molds are of comparatively rare 
occurrence in urine, even when under* 
going ordinary decomposition j but if 

diabetic urine be allowed to undergo alcoholic fermentation, at 
its conclusion molds make their appearance in quantities upon 
the surface of the urine, which also becomes crowded with 
yeast-Aingi. 

The yeast-plants of the urine (mccharomyceB urinm) are 
single cells of about the size of blood-corpuscles. They are dis- 
tingnishable from blood-cells by the irregular and occasionally 
large size of the cells, the presence of a nucleus in tLe larger 
sporules, and their more elongated or oval form. Usually these 
cells are arranged in bead4ike forms, some of the beads having 
several small bud-like cells attached to them (Fig. 30). For their 
development it is necessary that the urine be distinctly acid, and 
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they cease to multiply if the urine become alkali tie. Tbe praH 
ence of yeast-ftmgi in the urine in large numbers may be taken as 
certain eTi deuce of the presence of sugar. 

Fiiimon*fungi are associated with urine tending toward putre- 
factive changes. Such urine fa more or less cloudy wheu voided ; 
it is never sbarply acid j on the contrary, it is usually neutral in 
reaction or feebly alkaline. Examined under the inicroseoiie it 
is seen to be crowded with mLcro-organisms in active UK>lion, 
BUch as the more common forms in decomposing organic fluids^ 
the most familiar being the well-known bacieriuvt krmo. The 
urine on itamling does not clear, and, moreover, it does not clear 
by filtration, and it tends to rapidly pass on into ammoniacal 
decomposition. This condition of urine is 
most often met with iu weakly and en* 
fuebled people, and in men who have 
urethral stricture, or who have frequently 
had catheters or bougies passed. In the 
process of ammoniacal fermentation of 
the urine, urea is transformnd into ammo- 
nium carbonate through the agency of 
bacterial life. To mch molecule of urea 
two molecules of water are supplied, and 
the ehemieo-vital change wrought by 
bacterial activity results in two molecules 
of ammonium carbonate. The chief agent concerned was 
formerly believed to be the micrococcus urem^ as almost pure 
cultures of this organism are often observable upon the surface 
of the decomposing urine. Ft has recently been shown, however, 
that nearly all microbes found in the urine possess the above 
powers to a greater or less extent. The micrococci urene are 
organisms of comparatively large si^e, and are most frequently 
olr^ervcd in long, chain-like strings; although they also occur 
as free and independent, minute, round objects (Fig. 31). 

Ammoniacal bacteriuria is most frequently met with in cases 
of obstructive cystitis^ in which more or less residual urine 
remains in the bladder, as often results from paraplegia or 
enlarged proatate, and urethral stricture of small calibre. The 
frequent use of instruments in the urethra and bladder often 
results in this condition. 
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In ftdditioD to the micrococcus ureae, the urine may contain 
various ather forms of non^pathogenic fungi, including rod -like 
bacteria of various forms aiid &i2ea. Occasionally long, spiral 
Imcilli, with large spores and cocci, are met witli in the urine. 
These are often grouped in various-shaped masses, usuall)* of 
dark color and variable sizes. For the most part, these organ- 
isms gain access to the bladder through the urethra. This may 
take place through discharges or, more commonly, by the uae of 
instrunieuts. 

Pathogenic Fungi. — The pathogenic bacteria found in the 
uriue for the most part belong to two orders, — viz., micrococci 
and bacilli. 

The micrococci found are those characteristic of suppurative 
diseases in general, and include the staphylococcus pyogeneB albui, 
aureus^ cUreus^ and the ttreptocQCCUg pyogenes. The action of 
these germs Is general, which accounts for their frequent presence 
in the urine. To these must be added the gonococcus ofNeisser, 
which will be considered later. 

The bacilli met with in the urine include the urohaciUus 
liqnefacicHs »epticits, the bo villus coH coniviimis^ the ittb*^?'cie 
baeilltis of Koch, besides a number of others less well known. 

In all infective diseases in the healthy organism, if life be 
not destroyed thereby, the microbes must either be destroyed in 
the blood and tissues by the process termed phagocytosis^ or be 
eliminated through the excretory organs, usually in an active 
state* The fact of the rapid disappearance of most micro- 
organisms from the bloml, when injected into the circulation of 
the healthy organism, indicates that the corpuscular elements 
of the blood have the power of destroying these organisms, — at 
least, to a large extent. Passing from the blood into the tissues, 
these organisms meet with the same warfare in the tissue-cells. 
Should^ however, both of these sources of phngocytosis prove 
unsuccef*sful in destroying these organisms, there still remains a 
method by which the unassisted organism may rid itself of these 
microbeSf — viz., by means of elimination through the eatcretory 
channels ; and in this process the kidneys and intestinal canal 
are the chief organs concerned. The frequency with which the 
kidneys become infected in the course of general tuberculosis 
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furnishes proof that tliese organs are the source of eliminAtion 
of tubercle bacilli. Furthermore^ Philipowicz has succeeded in 
producing tiiberculosie in animals by injecting urine into tbe 
peritoneal cavity which was taken from tuberculous subjects- 
Neumann has demonstrated the characteristic microbes of 
typhus, pneumonia^ and pyaemia in the urine in the course of 
theae diseases, and be biis cultivated from the urine, in acute 
endocarditis and osteomyelitis, the ataphyhcoccm pyogenes 
aureus. Neumann further more claims that the microbes which 
gain access to the circulation often localize in the capillary 
vessels of the kidney, there causing nujltiple lesions without in* 
volving the whole organ ; and through these lesions some of the 
micro lies gain access to the uriniferous tubes and appear in 
the urine, 

Schweiger has conclusively demonstrated that the urine of 
ecarktinal subjects is distinctly contagious ; and he regards all 
remil lesions arising In the course of infectious fevers of microbic 
origin. Finally, it may be mentioned that Rimann has conclus- 
ively demonstrated the passage of bacilli through the kidneys 
in the following manner ; The V>acilli discovered in the pus of 
ozfena were cultivated in gelatin and agar and stained intensely 
green ; alter dilution with physiological solution of salt, the 
culture was injected directly into the circulation of a dog, cat^ 
and rabbit; after a time these stained microbes appeared in the 
urine in large nuuibers. 

Of the various pathogenic micro-organisms found in the 
urine, the recognition of the bacillus tubt^rcuiosis of recent years 
claims the greatest clinical interest. It maj* be stated that the 
presence of this bacillus in the urine, especially when arranged 
in S-shaped aggregations^ or in colonies of irregular masses, 
points with unmistakable certainty to tul>erenlar ulceration of 
the urinary tract. Fortunately for diagnostic purposes, if the 
hib^rrte bacillus appear in the urine at all, it usually occurs in 
abundance, and may, with recent methods, be recognized in 
masses often arranged as in pure cultures. 

In all cases of purulent urine accompanied by anaemia, wast- 
ing, and evening temperature, the urinary sediment should be 
examined for the presence of tubercle bacilli. Of course, more 
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patient search is necessary than in the examination of fiputft, 
owing to the dilution of tul>erciilar pus by the urine, and it is 
necessary to concentrate it as much as possible for the same 
rtmsone. This is l)€St accomplished by tb^ centrilbge for obvious 
reasons. The purulent deposit of tubercular urine should be 
treated precisely' as the sputum in searching for tubercle bacillL 
Should diflicukies be encountered in finding the baeiUi when the 
symptorae strongly point to their presence, or should doubts 
arise as to the true character of the bacilli found in the urine in 
any given case, the inoculation of animals with the sediment 
or plate cultures thereof sbould be resorted to before negative 
conclusions can be positively reached. Indeed ^ unless the time 
required for the latter be a matter of importance in the case 
(which is very seldom), the plate cultures are the easiest and 
most certain method of success* 

Oonococet were first discovered in the pus of gonorrhoea by 
Neissen They consist of minute, roll-shaped cocci. They are 
clitefly met with as diplococci, the individual cocci being seem- 
ingly divided by a bright, transverse band, often presenting the 
so^alled ** roll form ^^ ; also termed ** kidnei/^ " or ^'7>€«n' *' shape. 
The cocci usually appear in pairs lying close together, their flat* 
tened surfaces usually presented to each other. They multiply by 
each coccus splitting in two. Bodies in all respects resembling 
gonococci, 80 far as present methods are able to determine^ have 
been found in the genital tract under the most variable conditions, 
and this fact has tended greatly to diminish the diagnostic value 
of these organisms* On the other hand, it is pretty well estab- 
lished that the presence of gonococci within pus*cells in purulent 
urethritis is characteristic of infective gonorrhoea. In all cases 
of recent infection with gonorrhoea the sjiecific gonococci are to 
be found within the pus-cells in abundance, although they are 
not limited to this location, but may be seen in the epithelia, as 
well as floating in the liquor puris. This cannot be said of the 
non-infective forms of diplococci. The gonococcus is best stained 
in gentian violet, methylene blue, or fuchstn, after which it may 
be rinsed In water and examined under the microscope. 
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Distoma Hematobium. — This parasite has fVequently been 
found ia the portal vein and its branches^ in the splenic and 
mesenteric veins, and in the venous plexuses of the bladder and 
rectum (Fig. 3S>. From the investij^ations of Billmrz, it would 
seem that more than half the adult Fellaheen ami Coptic popu- 
latiun of Egypt suffer from this parasite. 

The eggs of this parasite are found in numbers in the urinary 
pftsaages and in the urine. They are usually accompanied by 
bloody pus, and sometimes by considerable fat. The eggs are 
ovalj flask-shaped bodies, with rather sharp projections from 
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their anterior extremities. They measure rather lees than f|^ 
Inch in length. 

When confined to the larger veins, these parasites do not pro- 
duce much damage; but if they invade the smaller vessels, 
notably those of the submucous tissues of the urinary tracts they 
induce severe and, in some cases, fatal consequences. In the 
intestines the result is often that of severe dysentery. 

The most serious results of the ravages of this parasite are 
met with in the urinary passages* The lesions produced here, 
according to Griesinger^ consist of raised patches of injected 
and ecchymosed tissue, which often pass into ulcerations, giving 
rise to severe hirmorrhagcs. These patches are covered with 
mucus and brownish exudations of bloody matters containing 
masses of ova. If no lesions of the mucous membrane occur 
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over these patches, they msj remain as nodules of more or less 
firm and indurated tissue. 

When tbefie parasites invade the ureters and renal pelvlB, the 
results arc apt to be still more aerioua, as they threaten the in- 
tegrity of the kidney from two sources. First, by consequent 
thickening they may causa occlusion of the ureters and resulting 
hydronephrosis or pyonephrosis, as in a case observed hy Grie- 
singer, Second, severe pyelitis is ofteu set up by invsu^ion of the 
renal pelvis, which may result in ascending pyelonephritis. 

In addition to these conse<iueuces the masses of ova extruded 
into the urinary passages are exceedingly liable to betome the 
nuclei for urinary calculous formation ; and, indeed, this is claimed 
to constitute the cause of the great frequency of calculous dis- 
ease in Egypt. 

From the variety of lesions caused by invasion of the DiBtoma 
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hrnmatobium^ as might be expected, a corresponding variety of 
elitiieal symptoms result. In the milder cases but little dis- 
turbance of the urinary function is to be observed. Some pain, 
described as of a burning character, is notable on micturition^ 
This, however, is but momentary, and is chieHy due to the pass- 
age of the ova along the urethra, which they irritate by means 
of tbeir sharp projections. At the termination of micturition a 
few drops of blood, or a blood-clot, are sometimes noted. The 
urine contains pus and blood-eeUs, with the eggs of the pamsite 
as represented in Fig. 32. The symptoms become more dis- 
tressing with the involvement of the bladder, entailing various 
grades of cystitis, iilwuys accompanied by more or less hie ma- 
turia. To these may be added the discomforts and deterioration 
of the general health entailed by pyelitis when the parasite in- 
vades the renal pelvis. Septic infection, nephritis, and urBemia 
are among the most serious consequences entailed by extenstou 
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of the morbid changes set up by the purasite in the upper urinarj 
tract. Finally, it may be noted that Bilharz and Griesinger^ 
during the course of their investigatioDs in Egypt, found strong 
evidence that the distotna disease sometimeB takes the course of 
an acute and rapidly fatal disorder, Grieseuger observes : "We 
found on two occasions, in the bodies of persona who had rapid ly 
died from an unknown acute disease, abundant recent distoma 
cimnges in the bladder, recent pyelitis, and a uniform dark-red 
hypersemia of the kidneys. In other cases of supposed rapid 
typhus the same changes were found in the bladder and ureters/* 
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FiO. U.^Fii^mjA wr HuMAlf Bx^oon. (After M»cke(iMle,) 



Fllaria SanguInU Hominis,— Br. Lewis, of Calcutta, was the 
first to desoril^e Ibis panisileas occurring in the human organism, 
In 1872 Lewis made the interesting announcement that, as q\*- 
served in India, chylous urine always contained large numbers 
of tljese parasites* He later on discovered that these worms 
were present in great numbers in the blood of patients suffering 
from chyluria* This h^matozoon is about the width of a red 
blood-corpuscle and about fifty times longer than its width. It 
possesses a short, rounded bead, with a tongue-like protuberance, 
and a rather long and pointed tail The parasite is inclosed in 
a loose sac, in which it moves with freedom. This covering 
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appears Btructurelefis, but the parasite itself, » viewed under 
tbe microscope J is seen to be very grautilar, with transverse 
striatiotis. 

It was early suppose^l that tbe minute basmatozodn described 
and figured (Fig 34) was but the young of a larger, parent wcjrm, 
and in 187G Bancroft^ of BriBbaue, succeedeil in demonstrating 
tbe mature worm in a Ij^mphatic abscess of tbe arm. The 
mature form is a nematode worm^ nbout the tlnckness of a liair 
and three or four inches in lengtb. Dr, Mnnson hfis established 
the origin of this parasite it) the mosquito^ which deposits the 
larvffi in potula^ the water of which being swallowed, tbe subject 
becomes tlie seat of its fniLhcr development. The most curious 
and intere*«tfng rircurastance in reference to the habits of tliis 
parasite is the iact^ pointed out by Manson, that the embryo 
filaria is verj^ netive at night, but quiescent during the day; it 
is therefore to be found abundantly in tbe blood of suljects of 
this disease during the night, but not to be found during the 
day* Dr. Mackenzie oWerved, however, that upon reversing the 
order of sleeping and waking, the filarite cEianged Ibeir nocturnal 
habits,— coming out when the subject slept and remaining bidden 
during the waking hours. It would, therefore, seem that the 
activity of fllariffi in the blood depends upon quiescence of the 
subject What becomes of the filariie, or where they conceal 
themselves temporarily during their disappearance, as yet remains 
a mystery. 

The filariie, though greatly obstructing the lymph-channels 
and literally swarming in the blood, of themselves do but com- 
paratively little miRchief. Tbe embryos appear to pass readily 
through tbe eapiUary vessels without causing obstruction, irrita- 
tion, or emboli. It is, however, altogether different with the ova 
if they remain unhatched in the blood, lymphatics, and the 
urine* Owing to their greater diameters, they become arrested in 
the smaller lymphatic vessels and, becoming impacted, accumu- 
late until the gland becomes impervious, resulting in lymphatic 
congestion and even necrotic changes; elephnntiaifis, or lymph- 
scrotum, is one of the results of this condition. Chyluria is 
one of the most freqnent consequences, also, of this conilition. 
This is brought about through the obstruction of the larger 
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lymphatics, the thoracic duct, or large channels between it and 
the urinarv organs. 

Echinococci,— The booklets and ecolicea of the echinoeoccus 
cyst are among the rarer forms of sediments met with in the 
urine {Fig. 35). It is exceptional for echinocooci cysts to develop 
ID the urinary passages ; more often the products of theee cysts 




Fia,a5— ECMtNOCOCCTIfl, WITH TWO HOOKI^KTB AWD 8K0TI»If OF CTSTIO 

MBMBKAffK Obbatlt MAc^fvtrlKtk. {Aitst Pejer.) 

make their way into the urinary passages from the kidney or 
some neigh ho ling organ by means of rupture. If the charac- 

teriiitic hook lets appear in the urine, they are usually accom* 
panted by bloody pua, and more or less cellular debris^ as well 
as shreds of the membrane forming the cystic en%*elope, 

Echinococci are minute ovoid parasites barely visible to the 
naked eye. They consist of a head not unlike that of the tape- 
worm, provided with four mouths or suckers and a double row 
of hooks. The echinococci are develoj>ed within a germinal 
membrane, and exist in groups of from sjx to ten. The hydatid 
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growth conaista of an outer, fibrous capsule by whieh it is 
attached to the organ in which it is developed. Within the 
capsule is the hy dated cyst, which vnrles id size from that of 
a marble to that of a distended ui'iuary bladder, or even larger. 
Within the large cyst a grent number of secondary or so-called 
daitghter-cifsls develop and float freely in a serous or rather 
saline, aqueous fiu id. These daughler-c^iil8 also vjiry in sire 
from that of an apple to minute points requiring the microscope 
for their recognition. The moiher-cyHt may^ in rare caBes, ha 
entirely barren, — 1.<?,, contain nothing hut fluid, — or it may con- 
tain thousands of secondary or daaghter-cyHts. 

8iebold pointed out the interesting fact that the hydatid 
worm in man is the encysted form of development of a very 
minute tiipe-worm whieh infests sc\Niral animals, notably the 
^ogi pi^T nionkeyj sheep, etc. This tape- worm is the Tsenia 
€chinoco€cu&^ ^nd is very minute— about the size of a millet-seed. 
The intestines ot the dog arc usually infested with great num- 
bers of these worms. The eggs are discharged with the stools, 
and, finding their way into food, roach the stomach in man, 
where they find suitable conditions fi>r their development. The 
embryo, upon hatching in tlie stomach, burrows its way or ia 
carried by the blood to some organ, — most often the liver or 
kidneys, — where it develops as the hydatid vesicle, in which 
are contaiiietl the echinococci described. In loelaudj where the 
natives live with their dogs in huts, it is said that one-seventh 
of tlie deaths are due to the ravages of these parasites. 

StrongylUB Gigas. — This nematode worm has been found in 
the renal pelvis of dogs, wolves, horses, oxen, and otlier animals, 
and less frequently in the human kidney. It somewhat resembles 
the AscaHi tumbricoides^ but it has six papillae about the mouth 
instead of three, and it attains a much greater length, — one to 
three feet, — ^and it is nearly a quarter of an inch in thickness. It 
may further be distinguished from the common round intestinal 
worm by its reddish color. This parasite mny be said to be 
peculiar to the kidney, being very rarely met with elsewhere, 
Leuckart has, after some research, questioned the appearance of 
this parasite in the human organism; but there are, beyond 
doubt, at least half a doz&u well-autheutiQated cases on record^ in 
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addition to a specimen in the Hunterian Museum, taken from 
the kidney of a patient of Sheldon's (Dickinson). 

In addition to the parasites described, ascarides have been 
found in the urine in exceptional cases. In such cases the worms 
have usually made their way from the lower intestines into the 
urinary tract, usually by way of abnormal openings. In cases 
of women, these thread-worms have made their way into the 
bladder through the urethra. 
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THE MICHOBOOPE. 



Thb following general suggest! on a are designed for the uBe 
of begimiers and as supplementary to special works on the micro- 
Bcope, one of which every student sliould possess — preferably 
oue that deals concisely and clearly with the optical principles 
and mechanism of the instrument ^ : In purchasing a microscope 
one should buy the best instrument within one's means, and, 
HOW tliat good microscopes may be bad at very reasonable 
prices, there remains no valid excuse for the physician to be 
withotit one. While it is true that the best microscopes are 
made chiefly by foreign manufacturerR, yet in all respects excel- 
lent instruments are now turned out by a u umber of Americiui 
firms, among which an example is shown in Fig, A, It may be 
added tliat this firm (Spencer) also furnishes admirable objectives 
which, indeed, are quite equal to those of European makers. 

When a new microscope is received from the maker or dealer 
it nsnally arrives carefully packed in a wooilen case* Before its 
removal from the case careful study should be given to its posi- 
tion therein f so that it may be readily replaced when desired. 
In haiidliug the instrument it should always be seized by its 
solid parts, as the foot or post just above the foot^ and under no 
ciroumstauces should violence be employed. If the instrument 
is to be in daily nse, it will l>e found convenient to keep it under 
a glass shade, or, after nse, a silk cover may be spread over it 
and the instrument placed on a library shelf for the night The 
microscope should not be kept in an overheated room, lest the 
cement about the lenses become softened ; on the other hand, it 
should not be kept in a very cold place, else, when the cold 
optical parts of the instrument are approached by the hands or 
face, the glasses become coateil with moisture, entailing delay or 
unsatisfactory work. The illnstratiou (Fig. B) will serve to 

*Qftgeon *'The MJcroacope," pubUnned by the Comitock PubU*lilagr Go., 
Ufaac&, N. r<, Cftn be blgbly comtnended to iha b^glauer. 
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mdicaU the mecbauism and different parts of the iDicrosGot>e, 
and the beginDer ehoiikl become t bo rough ly familiar witb tbe 
terms employed to designate them, as well as tlitiir special uses* 
The ocular^ or eye-jdeve^ euimisl§ of one or more con verging 
lenses, llie combined action of whicli is to magnify the minge 
formed by tbe objective. It is the piece at the upper eiul of the 
tube {A) wUicU the eye appf^jaches when looking tbrough tbe 
microscope* The objeclive consists of a system of converging 
lenses at the distal end of the tube whicb give an enlarged inverted 
image of the object Upon this piece depends tbe initial magnif- 
ication of tbe object examined* In tbe cut will be observed two 
spring clips for the purpose of holding tbe object to be examined 
firndy ou tbe stage. In high-class instruments a tueohanical 
stage is furnished^ and by removing tbe spring clips tbe mechan- 
ical stage may be fastened to the platform by means of which 
the object under examination may be moved systematically in 
di ffe re n t d i re ct i on 8 by m ean s o f m i 1 led b ead -sere ws. Diaph rag m s 
are perforated stops tbnt fit under tbe central opening of tbe 
stage, and serve to admit the light for the purpose of illuminaU 
ing the object nnder examination* The diaphragms vary in size 
in order that different amounts of light may be employed for I be 
dilfcrent degrees of illnmination reqnired. The iris-diaphragm 
(J) is the most convenient and useful form of stop^ since by tbe 
simple movement of a small lever at its side the diaphragm o[>ens 
and closes us does the iris of the eye, and thereby the light may 
be gradnidly increased or decreaseii as desired. Tbe rejiedor 
(8) ia the small mirror beneath the stagehand serves to illuminate 
the object under observation by reflecting the light upon it. One 
surface of tbe reflector is plain for the purpose of reflecting tbe 
light in parallel rays^ while tbe other snrface is concave and 
serves to converge, or focus, tbe light upon the object. The con- 
cave mirror without tbe condenser Is nsuany emi»loyed with low- 
power dry objectives, while the plain mirror in conjunction with 
the condenser is usually used with high-power objectives and 
with immersion objectives, Tbe eoarae adjttslmenl (T)h the 
rack-and-pinion mechanism whieh serves to rapidly raise or lower 
the Imrrel, or tube, of the instrument Tbe fne adjustment^ or 
micromeler-screw (it?), serves the purpose of very gradually and 
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more accurately raisiog and loweriog the tube^ so as to bring tbe 
object into accurate focus. The no^e-piece {E) consists oTii collar 
attacheii to tbe lower, or distal, end of tlie tulje. It jjerniits of 
severftl objectives being attached to the microscope in sucU a 
manner that by Bimpl}* rotating the nose piece the various objec- 
tives attached thereto may be bronght into use successively. 
The most usefnl form for general work [^ the triple nose-piece 
designed for three objeeti ves, as shown in the cut. The subslage 
condenser [{7 (Abbe's is most eraploye<l)] consists of a system 
of lenses arranged immediately l>eneath tiie central opening of 
the stage, Tlie object of this arrangement is to condense the 
light reflected from the mirror so tliat it becomes focused npon 
the object^ tlius furnishing brilliant iihiminatiou. The iris^lift^ 
phragm is arranged immediately below the condenser, for the 
purpose of modifying the light passing from the reflector 
through the condenser. Some instruments are provided with a 
second iris diaphragm, situated above the condign Her and immedi- 
ately beneatlk the stage. This diaphragm is employed when the 
condenser is not in use, and vice versd. The draw-tube (A) is n 
very important pai*t of all high-grade microscopes, liecaiise, by 
its skillful manipulation, the errors due to refmction occasioned 
by the varying thickness of the cover-glasses can l>e largely cor- 
rected. Thus, by varying the length of the draw-tube an cirt?ct 
may be produced upon tlie image similar to thiit of making the 
back lens approacfi or recede from the front lens of the objective 
by means of the correctiou-colbir. Those begin niug microfieo|v 
ical work will do well to familiarize themselves with the influence 
exerted by varying the length of tlie tl raw-tube, an<l this is best 
accompiished by the study of some delicate test-oliject of the 
diatom onler, such as Pkttrosigma angtdatHm^ keeping in mir*d 
the rule that, the thinner the cover-slip, the longer should l>e 
the tube, and vice verad. In order to facilitate adjustment, the 
draw-tubes of the best microscopes are furnished with a scale in 
millimetres on the side of the tul>e. 

For urinary work — as, indeed, for sputum and blood examina- 
tions — an instrument of medium sixc is more convenient than the 
larger stands with heavy, mechanical stage. Tlie substage 
should possess all the essentials for arrangement and modlflca^ 
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tion of Hglit^ auoL as an Abbe condenser, irls-diaphimgm, and 
preferably a lateral swinging mirror, or reflector. The ineclmn- 
ical stage is not a necesmty, although a great convenience. 
Nearly every maker now supiiliea a i)ortable mecliatiical stage 
that can be Utted to his particular instrument when desired. 
Special care should be exercised in choosing a microscope that 
the mechanical adjustments (notably the rack-arid -pin ion move- 
ment and micrometer-screw) work with smoothness, ease, and 
precision. 

The most important accessories of the microscope are the 
objec£ii}e&^ and the quality of all microscopical work must depend 
very largely upon their excellence- In nrinary worka J-or|- 
incb (5 or 6 millimetres) focus objective, and a |- or j-inch (3 to 
Zi millimetres) focus objective are an absolute necessity* To 
these should be added, if practicable, a ^g-incli oil-immersion 
objective^ especially if the work is to include bacterial search. 
With the above-named equipment of lenses all uriiittry work may 
be readily cotn{>assed as well as the fields of blood and sputum 
examinations ; in short, such equipmei^t will cover the ordinary 
range of purposes fur which the ge nigral physician requires a 
microscope* While the quality of lenses varies very much, one 
can scarcely go astray in tins particular if one patroniisea only 
the leading nianufucturcrs, among whom may be mentioned 
Zeiss, Reichert, Leitz, and Ilartnack, abroad, and especiall}' 
Spencer at home. It is of prime importance to keep in mind 
the suitability of the objectives to tiic nature of the work to be 
done rather than to purchase a certain set, consisting of a low 
and a medium power^ because of a certain saving in the price of 
the ontlit* The hitter course is sure to resnlt in the necessity of 
adiling another lens or two to the equipment For the coarse 
examination of urinary sediments — as casts, epithelium, etc^^no 
lens is so generally useful and satisfactory as a J- or i-inch oh- 
jective. If left to the maker or dealer, as a rule a J- or J4neh is 
usually furnished; but this is too low a power, Reichi rt*s No. 5 
will be found very suitable. Zeiss, unfortunately, does not make 
an appropriate power: his G is too coarse and his D is too fine 
for this special purpose* For the more minute examination of 
urinary sediments, — i.e., for studying the morphological features 
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ot casts J blood- and pu»- corpuscles ^ epithelium, atid gmntilar 
sediments, — a comparatively high-power objective is necessary; 
about a Jr- or J -inch focus* Reichert^s *Ja and Zeiss *8 D are suit- 
able for this special purpose. The slightly -higher magnify iug 
power of the former has an advantage in searching for tubercle 
bacilli and other micro-organism a if one has no immersion ohject- 
iv^e in his eqnipmenL As before mentioned, tbe Spencer Lens 
Company turns out objectives tbat are in every way first class. 
Tlie objectives just considered belong to the class of dry lenses; 
t>,, lenses that are used withotit tlje interposition of any medinm 
between the lens and the object examined, save tlic atmosphere, 
Tbese oljjectives answer excellently for coarse and medium 
powers of magnification. When, however, very Iiigh power is 
required, a dry lens, from its short focus, must approach very 
near the object, and in so doing ranch of the light bearing the 
image of the object is lost through refraction. Refraction is the 
term expressing the optical fact that light passing from one 
medium to another whose densities differ (as air and water) be- 
comes bent in its course. Thus, the rays composing a pencil of 
light, in passing from the object through the cover-glass, many 
of them, especially near the periphery of the pencil, become so 
bent as to fall outside of the arc of the front lens of the objective, 
thereby reducing its power of definition. With coarse- or medium- 
power objectives — the focus being mucli longer, the lens much 
larger, as is also the pencil of light itself — comparatively few of 
the rays are lost^ and consequently the resolving power of the 
lens is not materially impaired through refraction. 

The oil'immer^on objeciwe^ also termed the homogeneouB 
»y»tem, is so constructed that when in use the pencil of light 
passing from the object through the objective traverses only media 
of the same refractive i>ower. This is accompUslied by placing 
between the lens and the cover-glass a medium which refmcts 
light to the same degree as do the cover-slip and the lenses com- 
posing the objective. For this purpose a drop of oil possessing 
the identical power of refraction as the glass is placed on the 
front of the lens or on the cover-slip, and the observation is made 
through the oil (usually cedar-oil). It will be perceived that 
thus there is no loss whatever of light through deflection^ or re^ 
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fraction, as in the dry system of objectiTes, Immersion kiises 
are usually constructed for use with oil or water as the iiiter\*eD- 
iiig medium, and they cannot be used as dry lenses, neither can 
dry lenses be used as immersion objectives- Low- and mediunl- 
power dry objectives are ustmlly made in fixed mountings* 
Many high-power dry objectives have a screw, or eon^ection -cellar ^ 
attaeliuienL By means of tlie correct ion^collar the back lens 
can be brought near or removed farther from the anterior lens. 
The object of this device is to permit of a limited amount of cor- 
rection, wbicli is found necesfinry ou account of lUe varying tbiok- 
ness of tlie cover-slips, for it is found that an objective of medium 
or high power corrected for a thin cover will not give its best 
results with a thick one, unless provided with a correction-collar 
adjustmeVit With the immer&ion system correction is unneces- 
sary, as it has already been shown tiiat the refi-active power of 
the immersion fluid ia identical with that of tlie cover-slip. 

In using medium- and, above all, high- power dry objectives 
which have no correction collars too little attention has hitherto 
been given to the proper selection of the cover-slips, Froui that 
which has already been said regarding refraction, it will be gleaned 
that upon its proper reguhition depends much of the defining 
power of the objective* Cover-glasses for use with medium- and 
high- power dry objectives should he selected with scrupulous 
care, and only tUose turned out as No. 1 by reputable makers or 
dealers should be purchaseth Such cover-slips are carefully 
selected as to thieknesSj and, aa rule, vary in this respect within a 
comparatively narrow range, — say, from ten to twenty micro- 
millimetres (0.1 to 0,2 mm.). The objectives turned out by 
most prominent nmkers in dry fixed mounts without correction* 
collars are adjusted fnr a tldckness of cover-glass varying only 
from one and onedialf tenths to two-tenths millimetre (0.15 U* 
0*2 miltimetre). Where very fine work is to be done, it is bet- 
ter to measure the exact thickness of cover-slips by means of a 
cover-gauge, and, having ascertained their e^taet individual thick- 
ness, put them away in boxes accurately labeled for future use* 
This is of special importance in cases in which objectives with 
correction-collars are to be employed. In such cases the exact 
thickness of the individual cover-glass should be recorded on the 
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gUiss elide or tnount, and tlie collar can then be adjusted acca- 
ratelj for tUe tUicknees of the cover-glaaa when the object is 
under examination. The author never makeB permanent mounts 
without recording tlie exact thLckness of the ooyer-glass upon 
each mount. 

The tube, or barrel, of the microscope is made in two forms — 
a long and large tul^e (8 to 10 inches loug)^ known as the English 
tube, aud a short tube (6^ inches; 160 millimetres), known as the 
Continental tulw. The latter is the more desirable form, because 
most of the best makers of objectives adjust them for use with 
the Continental tube. 

ApQchromatw objective is the term introduced by Professor 
Abbe to designate a form of lens made by combining new kinds 
of glass with natural mineral (calemm fluoride, or fluoride, or 
fluor-spar). Apochromatic objectives were introduced in ISSfi^ 
with the object of attaining the higher kind of achromntismj in 
which rays of three spectral colors are eombmed in one focus, 
in place of rays of two colore, as in the e&ae of the ordinary 
achromatic objectives. Tlie special features of these objectives 
Tvlieu used with compensating eye-pieces * are as follow : (a) 
Three rays of different colors of the spectrum are focused at the 
same point, leaving a minute tertiary spectrum only, ^hile with 
achromatic objectives — made from crown and flint glass — ^only 
two dirterent colors are brought to the same focus, (b) With 
apochromatic objectives the correction of spherical aberration is 
obtained for two different colors in the brightest part of the 
spectrum aJid the objective shows the same chromatic correction 
for the marginal, as for the central, part of the aperture. In tlie 
achromatic o^^jective correction of spherical aberration is limited 
to one color, the correction only covering the central part of the 
a[>erture, the objective remaining undercorrected si)herically for 
red rays and overcorrected for the blue T&yn. (c) Apochromatic 
objectives admit the use of very high eye-pieces; unfortunately 
their high price excludes them from general usct Fortunately, 



* The compenentlon eyc^piecea ire especlaUy Gonalructed for u^e wUli iiehro- 
mattt* f>bjpcUte», lii pUce of tbe old form of Hugglan eye-piece» used with 
AchromftUc obj^cttves. 
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they ara oat * necessity, sarc in photogrftpby, where it is im|)cr- 
tant to abolish chromatic aberration. 

Illuminalion coDfttitnIca a iDOSt im[x>rtaiit feature in the use 
of the toicroftcope^ and upon it» proper maJiagement very much 
of the etSciency of the work depends. Direct un modified aim- 
light is unsuitable and should not be employed for ordinary 
work^ North Hgbt is most uniform, and is preferable^ esiiecially 
that reflected from wliite clouds, rather than from a clear sky* 
It la 1>eit when working to face the light, in order to avoid the 
shadows produced by tbe bands in adjusting the mirror or other 
parts of the inatriimtint. A shade should be used to protect the 
eyes and one maj' also be employed to shade the stage. The use 
of lam[>ligUt should, as far as jMjssible* be avoided ; when neces- 
aary, however, it is l>est to insert a slip or two of blue glass be- 
tween tbe reflector and the object to soften the lighL The begin- 
ner should practice with tbe eye as near the eye- piece as possible, 
also to use each eye alternately, keeping the eye open whieh is 
not engaged in observation. Too mndi light is to he avoideil, 
as it injures the eyes and detracts from the quality of the work. 
In urinary work ohlique and axial light are most suitable, but 
especially tlie former. By the terra arial light is iinderstoml 
light reaching the object with the rays parallel to each other 
and to the optic a^is of the microscope, or a divergiug or con* 
verging cone of light whose ajiial,or central, ray is parallel with 
the optic axis of the microscope* In each case the object is uni- 
formly illuminated. 

By the term obhque light is meant Uglit in which parallel 
rays from a plane mirror form an angle with tbe optic axis of 
the microscope; or, if a concave mirror is used, the light is 
oblique when the aatial my of tbe cone of light forms an angle 
with the optic axis. Since oblique light is by far the most etTl* 
cient for tbe examination of most urinary sedimeiitsjt is well to 
bear in mind tlie following metliods of employing it: (a) Tbe 
first and best method is by placing the reflector to one side of 
th0 Btage^ since by this means abnost any angle of obliquity may 
be aecnred without limiting — cutting off*— any material part of 
the pencil or cone of light from the reflector. For these reasonSf 
other things being equal, an instrument is preferable tbat is ar- 





pig. Cl^Zelis*!. stand TVo, showing obJectlTCA, e>'e |>laci$, uiiT Dose-pitfce, uriiunut. 
fiwInfTout conilens^r (one-Iiiilf fuU slt«K The ^bove form of Zeiss Bt^nd t4 
ifaatmcMt used fn America for ffen^rat meflica] pnrpf)*Mi, and is recommended 
m tb« mutt iuic^ble form of tUlj uako Ut urm&ry work. 
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ranged with a swinging reflector rather tUan one with the reflec- 
tor fixed; ie,, only movable perpendiculsiily. (6) Microscopes 
provided with a fiaced re Hector — i.e.^ only movable perpendic- 
ularly and on a phiin witli the axis— usually have a sliding stop 
which, by moving aside, cuts off much of the direct rays from the 
oliject, admitting only or largely the peripheral rays, which must 
fall somewhat obliquely upon the object (c) A third method 
of obtaining oblique light is that with the Abbe condenser as 
follows : First, focus the light from the condenser upon the ob- 
ject, then rack the condenser down until the focus Is consider- 
ably below the object; the rays coming from the condenser come 
to a point (focus) below the object, and con tinning past the focus 
they decussate and diverge so that, when they fall upon the object, 
all but the axial rays are oblique, Aa a summary of the makeaip 
of the microscopical equipment suitable for nriuary work it should 
consist as follows: A medium-flized stand with Continental tubej 
two e3*e-pieces, or oculars; eubstagc, fitted with Al>be coudenserj 
an iris-tliaphragm; a triple nose-piece, and preferably a swinging 
reflector; three objectives should complete the equipment, viz.: 
a ^4och and a f-inch dry objective, and a jV^ncli ofUinunersiou 
objective. The workmanship of the instrument should be first 
class in all particulars. While undoubtedly the best microscopes 
are those at present turned out by Zeiss^ unfortunately tliey are 
also the most expensive. The author knows of few microscopes 
at present in the market that fulfill all of the above conditions 
at the moderate expense of the one shown in the cut* (Fig* D), 
Care of the Miorosoope. — Should the lenses or oculars become 
blurred or spotted from dirt or dust, proceed as follows: If on 
the ocular » it will be discovered hy rot^ating the ocular in the tu^w 
while looking tlirough the instrument, since the dust will be 
seen to rotate with the eye-piece; if the dust Ins upon the object- 
ive, it will remain unmoved wlien the ocular is rotated* Tiie 
condition of the lenses may be further ascertained by holding 
them toward the light and at a distance from the eye, when, if 
the lenses are clean, a clear picture of the reduced image of the 
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window will be seen. It is recominended to remove dnst from 
the opticxil parts by means of Jens pnper or a soft^inen clotli, 
Tlie author preft^ra silk, however, in all eases, as it leaves no fluff 
on the glass. The lens may first be breathed upon; if tbis does 
not Biicceed, the silk may be moistened with a little distilled 
water ; should this prove hieffectiial, the silk niivy^ be slightly 
moistened with alcohol, but care mnst be taken that there be no 
excess of alcohol on the silk^ otherwise it may get between the 
ktises and dissolve the cement and thereby render the lens use- 
less. After nsing the oiUimmersion objeetivc it should he 
cleaned as follows: Wipe off the ljomop:eneoua licjuitl with a silk 
pocket-hand kerchief f then, In the case of cedar-oil, wet one corner 
in benzin and wipe the front lens with it; immediately after 
wipe with a dry part of the silk. The cover*glass of the prepiira- 
tion may be cleaned similarly. 

Gia&s surfaces should never be touched with the fingers. 
The oculars and oVyectives should never be allowed to fall upon 
the table, much less so upon the floor. All parts of the instru- 
ment should be kept free from liquids, more especially acids, 
alkalies, alcohol, benzin, turpentine, and chloroform. When an 
objective is left in position on the instrument, an eye-piece 
should also be left in poeition in the upper end of the tube to 
prei-^ent dust from accumulating on the back lens of the object- 
ive- To clean the mechanical parts of the microscope Gage ad- 
vises the use of some *'flue oil ** (olive-oil or liquid vaselin and 
benzin, equal parts) on a piece of chamois-leather or on lens- 
paper, rubbing the parts well; then with a clean, dry piece of 
chamois-leather wipe off most of the oil. If the mccimnical parts 
are kept clean in this way, a lubricator is rarely needed. In 
cleaning lacquered parts benztn alone answers well, but ft 
should be quickly wiped off with a clean piece of lens«paper. Do 
not use alcohol or ammonia, as they dissolve the lacquer and mar 
the finish of the instrument* The special features of the micro- 
scopes turned out by different makcra should be studied in tlie 
catalogues, winch are very complete and, for the most part, ad mi- 
rably illustrated. 
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EXAMISHATIOM Of UeinABY SeBIMBNTS. 

Preparation of the Sediment— Tde sediment Jmving first been 
tUorougUly ci^nceut rated by uietins of tlie centrifugal apparatus^ 
as detaited on page 149, tlie next point of importance is to so 
arrange it that it can be examined in detail under the microaeope. 
For the coarser exaaimatioa the most satisfactory method m to 
make a temporary mount of two or three drops of the sediment 
ill a shallow cell oil a glass slide. For this purpose slides are 
sold contaiiiiiig in tlje centre a hollow, ground-out depression, or 
cell, for the sediment A much better arrangement, however, is 
to prepare a few slides as follows : By means of a tnni4able and 
a flue sablc-brnsh a ring of gold-size should be made, three quar* 
ters of an inch in diameter, in the centre of an ordinary glass 
slide; after thoroughly drying, two or three more layers of gold- 
size should Lkj added to the ring, when the cell will be found of 
the requisite depth. After drying four or five days, the slide is 
ready for use* A number should be made up and kept on hand 
ready for use as required- Such cells have the great advantage 
of affording a perfectly flat and even field ; so that one does not 
require to refocus the microscope each time the i^lide ia moved, 
as in the case of the ground-out cell In mounting the sediment 
the author ia in the habit of proceeding as follows : First having 
tlioroughly cleaned and dried a slide containing a cell, and a slide 
perfectly plain with iio ring, a« well aa two or three circular 
cover-slips (|-inc!i circles), these are all arranged standing slant- 
ingly flgaiiiBt t(*e edge of some object about half an inch thiclc, 
such as a tile, on the table. The best way to clean tlie slides and 
covers is to hold them nuder the warm-water faucet; then dry 
tUem with an old, but clean, soft-silk handkerchief. The slides 
should be tipped against the tile with the ring surface downward 
in order to avoid dn^t from settling in the eelL Next take up a 
slender and rather narrow-pointed nipple pipette and carry the 
point down the sediment-tuhc to within an inch or so of the 
point of the tube ; then stop, and by gentle, but steady, pressure 
upou the rubber nipple expel from 3 to 6 or 7 bubbles of air; 
now carry the point of tlie pipette to the bottom of the sedi- 
ment'tnbe, release the pressure from the rubber nipple, and the 
sediment will quickly flow into the point of the pipette. Next, 
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with one band withdraw the pipette from the sediment-tube , and 
with the other band take up the slide with the cell, turn it over, 
nnd deposit within the ring from 2 to 4 drops of the sediment. 
Nexti while holding tlie alkie sLeMlily in a horizontal position 
ill one liaiid» lay down the pipette from the other band, and take 
VI p a pair of fine-pointed forceps, and with the latter eeii* a 
cover-glass by ils edge, turn it over, and bring its edge to 
tbe outer edge of tlie ring composing the cell j lastly, gt^ntly 
lower the cover-glass slowly and evenly over the cell eo that 
the sediment spreads out evenly, leaving no air*bubbles be- 
neath the cover-glass. More or less excess of sediment usually 
escapes from beneath the cover on the slide* With a small 
slip of filter- pa per take up this excess, and the slide is reivdy 
for examination. Thus prepared^ the sediment can be exum- 
ined in any position, lind any obliqnUy of the instrument or 
of ligjjt may l»e employe*!, without disturbing the sediment, 
and the latter remains without changes from evaporation for 
hours, Tlie author in special cases Viuies the above method of 
manipulation somewhat, according to the quantity and character 
of the sediment* Thus, it is not uncommon to meet with urine 
60 heavily charged with pus or other cellular elemcnle that when 
concentrated with the centrifuge it is unsuitable for examination 
undiluted. In such case the pus, or it may be blood-cells, eo 
complott^ly fill the field a^ to hi tie certain more delicate and less 
highly-i*efracting structures — as hyjiline easts^from view, and 
the latter are likely to eso«[>e detection. In such cases the 
following method will usually succetd better: After taking up 
the sediment in the nipple [npette, discharge but 1 drop or so 
of it in the cell on the glass slide; then cleanse the pipette and 
take up a few drops of distilled or filtered water, or better of tiie 
clear urine above the seiliment, and discharge from 1 to 3 drops 
of the latter into the cell with the sediment ; agitate the whole 
till evenly mingled, and lastly lay on the cover-glass as already 
described. Thus diluted, not only is there greater chance of 
detecting the presence of casts, but the morphological features of 
the celhdar elements are also more plainly made out. Having 
mounted one or two slides with cells as just described, the plain 
slide remains* Upon the centre of this plain glass slide is next 
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deposited I or 2 drops of the sedimeDt^ and then a tbin clean 
cover-glass la gently lowered over it. The excess of Bed i men t 
escaping from beneatli tlie cover-slip is now taken up by means 
of filter-paper, and the sHde is ready for the microscope. This 
last nioniit secures a very thin film or layer of concentrated sed- 
iment between the sliile and a thin cover-glass, very suitable for 
examiuntlon under a higher power. This form of mount should 
be examined at once, since evaporation U wiore rapid than with 
the cell-iuonnt. 

Microscopical Search. — The slides having been prepared, as 
already described, the microscope is placetl in a convenient 
light on rather a low table, and orranged for tise as follows : The 
;J-ineh objective, if on the nose-piece^ is swnng into position ; the 
slide with cell-mount is placed in position upon the upper sur- 
face of tbe stage, the tube of the microscope is racked down 
until the front lens of the objective is \i*ry near the cover-glass ; 
the concave surface of the reflector is next turned toward the 
central opening in the stage, the condenser is swung aside ; the 
iris-diaphragm is brought up imder the stage very close to the 
mount, and tlie diaphragm is closed down to a minute opening. 
Lastly, the reflector is swung well to one side, and wliile looking 
through the microscoi.>e the reflector is turned about between the 
fingers until it throws the light upon the sediment to be exam- 
ined. Next, the tnl>e is very slowl>" racked upward, until some 
of the outlines of tlie sediment begin to appear, then by ttjrning 
the fine-adjustment screw the instrument is focused. It will lie 
found somewhat dilllcult in the case of lieginners to readily find 
the exact focus at all times, and a few hints upon this subject 
may be of assistance* Great care should be exercised in lower* 
ing the tube of the microscope tow^ard the mount by means of 
the rack and pinion, while looking through the instrument, be- 
cause the eye, being engaged in looking through the microscoi>e, 
cannot judge distance with any decree of accuracy j consequently 
the objective is exceedingly liable to be forced violently against 
the mount by this practice, to the ruin of both. It is a much 
safer practice to rack down the tube while looking sidewise 
across the stage, until the objective is very close to the stage 
and beyond the plane of focus; then, while looking through the 
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tube very slowly reverse tbe course movement^ raising tbe tube 
until tlie outlines of tbe eedimeut appear, finally effecUug accu- 
rate adjustmeut by meaua of tbe micrometer<Bciew. Having 
focused the instrumeiit upon tbe sedimeut and regulated the 
ligbt^ the slide may be searched as follows: Slowly raove tbe 
slide forward on tbe stage until tbe edge of the riug appear 
in the lower right-hand corner of tbe field of vision ; next move 
tbe slide to the i-igbt in a direct line until tbe opposite side of 
the ring api>eare iu the lower left side of tbe field ; next move 
tbe slide toward tbe body of tbe jnstruraent a Uttle more than 
tbe width of tbe field; next move tbe slide in a direct line to the 
left until tbe edge of the ring again appears in the right side of 
tbe field. Continue these movements in tbe order named until 
tbe upper edge of the ring api>ears in tbe field, when the whole 
contents of tbe cell will have passed under observation. In 
going over tbe slide, if tbe fingers are employed to move the 
mount instead of tbe mecbanical stage^ tbe slide may be moved 
by two methods, as follows : (a) Mark with the eye the extreme 
lateral border of tbe field by fixing tbe vision on some structure, 
as a pus*corpiiscle or epitbclial cell, then quickly move the slide 
side wise till tbe structure appears at tbe opposite border of the 
fields scan tbe field dclil>cratelyj and then again move the slide 
tbe width of another field, and so on until the slide is exhausted. 
(6) Another method is; by a steiidy, but continuous, movement 
carry the shde along, adbrding time for tbe eye to take note of 
all tbe details of tbe moving picture, only pausing as something 
of special note appears in tbe field. In either case from time to 
time move tbe fine-adjustment screw from right to left, and 
reverse, to be^ure that the instrument is in focus. 

Casts. — In searcbing for casts note any elongated structures 
appearing iu the field, and study carefully tbeir outlines undt^r 
different ranges of focus j note their morphological features. 
Note carefully the character of the body of tbe supposed casts, 
whether granular or clear ; if any cellular elements are attached, 
snob as epitbelia, blood, or pus j and, if any of these be found 
attached, observe if they be well preserved, as indicated by 
sbar ply-defined outlines, or if they be granular and ragged, and 
partly disintegrated or broken down. Not© if there be any 
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Rmall, roundi highly ^refracting globules attached to the cast, — in 
otber words, fat-globules. Observe carefully the relative sizes 
of the casts, as the prcduininaiiee of certain sizes in a manner 
iDdicatefl the seat of the most prominent pathological changes in 
the kidneys. Thus, if the casts fotind are mostly of the small^ 
narrow order, we may assume that the more prominent changes 
ill progress are situated in the outer border of the cortex near 
the capsule ; if the medium-size casts predominate, it indicates 
more deeply-seated changes, — viz,, in the middle zone; while if 
the large, broad casts are numerous/we infer that the morbid 
changes involve the straight collecting tubes in the areas of the 
pyramids. There will be little difficulty experienced in detect- 
ing granular and cellular casts, as they are, comparatively speak- 
ing, highly refi-acting and stand out prominently in the field of 
vision^ It is altogether different with byalme cast8| which are 
on,en exceedingly difficult to find. This b because, in ttie first 
place, they are very transparent, and have very feeble refractive 
powers ; and, in the second place, they are usually sparse. The 
following hints may aid the beginner in hia search: Bear in 
mind the facts that cellular elements, notably pns- and blood^ 
corpuscles, — as, indeed, also epltbelia, — ^are companitivcly heavy 
and usually settle to the bottom of the cell, while by their com- 
parative lightness hyaline casts often partly float, and do not 
settle so low. The instrument should first be brought to a focus 
upon some epithelial or other cell; then the focus should be 
changed to a higher field, indicated by the cell becoming fainter 
or more liazy in outline. If now tire field be darkened by closing 
down the diaphragm to a small point, and the reflector kept well 
to one side by slowly moving the slide about, an occasional film 
or thread of mneus will appear. This is very near the proper 
range of focus and illumination, and, by carefully going over the 
slide under such oonditioiis, if hyaline casts are present they 
will be found. In thus going over a slide, if any elongated 
shadow appears the focus should be cliauged upon it, and one 
will often be rewarded by observing the well-defined outline of an 
undoubted hyaline cast emerge from the shadow. 

Diagnosis of Oasis. — The distinguishing features of renal 
casts under the microscope are; (a) Uniformity of marginal out- 
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Unea throughout the greater ptirt or Khole of the structures^ 
The uiarginB of casts, it is true, may lie in plauea i mien ted ^ ami 
for considerable distance in phicea even ragged and broken look, 
ing ; but, for the most part^ tl»c outline h even and uniform, and 
stands out sljarply cut as tUe edge of a rule. It does not look 
accidental in appearance, but rather, as it really is, molded. 
(b) For the most part, renal casts are uniform in tlieir individual 
diameters, — tbat is to say^ they do not suddenly appear bulged 
in one place and narrQWed in others. It is true that in cases of 
very long casts — winch are comparatively uncotkunon — a con- 
siderable difference may be observed in the diameter of such 
casta at their distid portions; btJt this tiiffcrence is gradual ly^^ 
never suddenly — reached. The body of a renal cast nevi.'r ap- 
pears split. It may be found curved and even twisted, tUough 
the latter is rarely the case. LiiHtty, renal ca^^ts^as found under 
the microscope, for tlie most part are eitlicr short or uf medium 
length, not unlike a finger ; very rarely they attain con side ruble 
length. The reason of this is because Ibey are frngile and eiisily 
fractured, and they are subject to many accidents before they 
can be brought to view under the microscope, (c) The ends of 
renal casts are either rounded like the end of the finger or they 
are abrupt and ragged, plainly showing evidences of fractures. 
The ends of renal casts never appear split or hi furcated. 

Fahecasta^or pBeudocastSy ate structures very commonly met 
with in the urine, and are a source of more or less confusion to 
the beginner. For the most part, false casts consist of mucous 
threads^ and are nearl}^ always to be found in mild grades of irri- 
tation of the bladder and irrinary tract, though sometimes they 
come from some of the minute ducts atong the urinary passages* 
False casts, for the most part, possess distinct features which 
are in striking contrast with true casts, as they appear to the 
experienced observen Indeed, nearly all the essential features 
of false casts are directly opposite to those of true renal casts. 
Thus, the outlines of false casts are indistinct or non-linear, 
and are more or less irregular. Their diameters, consequently, 
are c:£ccedingly rnriable ; in one place small or narrow, and im- 
mediately after they swell out in spindle forms* Their ends are 
often tapered out in fine, slender points, or they may be split, 
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bifurcated, or brRuclied; btit tliey never possess the smooth, 
rounded ends or abruptly-fractured terminals of true exists. 
They are nirely, if ever, cellular or granular, but uiulcr a bigti 
power they appear marked with longitudinal 8 1 Hat ions, or mark- 
ings, as though largely composed of fibres. Tbey are often wav y 
and rihbon-Uke in form, and tUey sometimes appear twisted and 
bent into grotesque forms. In short, false casts lack the regu- 
larity and design, as it were, both in outline and detail, that true 
casts possess in their essential composition. 

Epithelia. — Various forms of epitUelia are met with in nearly 
every specimen of urine, normal and abnormal, and careful note 
sliould he made of their form, size, and the condition of tlieir 
protoplasm or contents. Tbey are highly refracting, and, con- 
sequently, very plainly visible under the microscope, their ont- 
lines standing out sharply and distinctly* Tbe general character 
of epithelia found in tlie urine corresponds to the three varieties 
found throughout the body, viz. : (l)^a^, or squamous; {2) cu- 
bmda I ; an d ( 3 ) colwmna r, or vy lin drical. A 11 e p i t h el ia a re gra 1 1 - 
ular, and possess one or more nuclei, though the latter may not 
always be visible, but may, through maceration in the urine, drop 
out, leaving vacuoles* The character of the granulation vanes, 
sometimes being coarse, at other times fine. Epithelia are subject 
to certain changes in the urine ; by the absorption of water they 
swell up and become more regular in outline; indeed, the 
smaller forms nmy thus become spherical. The small-sized eu- 
boidal and columnar epithelia have always attracted the most 
interest in urinary sediments, since such cells come from the 
convoluted tubes and straight collecting tubes of the kitlncys, 
though not exclusively from these sources. By careful study 
of the description and illustration of tlie various forms of epi- 
thelia, on pages 186 and 187, no difficulty should be experienced 
in recognizing these structures under the microscope* 

Crystals. —Little difficulty will be experienced in recognizing, 
much less in fin<ling, the various forms of crystals met with 
in the urinary sediment For the most part, they are compara- 
tively large and highly refracting, and are therefore best viewed 
by low powers and moderate illumination, A few exceptions to 
this rule occur, notabl}' in the case of the small envelope-shaped 
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crystals of calcium oxalate which are often very minute. As a 
rule, the brown colored crystals met with in the urine are uric 
acid or ammonium urate, and their various forms should be 
studied so thut they are familiar pictures. As a rule, the large, 
clear prisms are triple phosphate, while the smaller forms of 
highly-refracting stars, envelope shapes, and dumb-bell forms are 
oxalate of calcium. These comprise the more common forms 
met with. Special and unusual forms should be studied. (See 
pages 156-177.) 

Pus- and Blood- Corpuscles. — In order to make a satisfactory 
study of the morphological features of pus- and blood- cells in 
the urinary sediment, resort must be had to a higher power than 
in the case of casts and epithelia The student should proceed 
as follows : A J-inch to ^-inch objective is placed in proper posi- 
tion and the plain-mounted slide (without cell) is then i)lnccd 
upon the stage in position for examination. The concave re- 
flector is adjusted, as already described, to secure oblique illu- 
mination, and the diaphragm is opened so as to admit more 
light, since greater illumination is necessary. The form an<l 
characteristics of pus- and blood- cells have been so fully de- 
scribed in another section (Section VII) that but little requires to 
be added here. It may, however, be stated that confusion is 
sometimes experienced by beginners in distinguishing pus- from 
blood- cells, — nay, even the small, round epithelia have been mis- 
taken for one or the other, but especially for pus-corpuscles. 
This is not likely to occur when all three are present at once in 
sufficient numbers to admit of careful study; but where only 
scattering cells of one order are present a mistake is more likely 
to occur. It is well for the student to keep in mind the relative 
sizes of these structures as a general guide. Pus-corpuscles are 
nearly always to be found in the urinary sediment, and these 
should first be sought and identified as the small granular disks 
with multiple nuclei, two or more. They constitute the medium- 
sized round cells met with in urinary sediments. Somewhat 
smaller in size — about one-third smaller — will be noted the pale, 
non-granular, non-nucleated hemispherical disks, or red blood- 
cells ; while at least one-third larger than pus-cells will bo noted 
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the granular, very large, nucleated round cells, the so-called renal 
epithelia. 

After the outlines and general features of casts, epithelia, 
pus- and blood- corpuscles have been recognized, a closer study 
should next be made of their minute features under the higher- 
power lens. Careful search should be made for evidences of 
pathological changes in all these structures, — more particularly 
for evidences of fatty changes, as evidenced by the presence of 
small, spherical, highl}- -refracting globules of fat in the proto- 
plasm. The state of preservation of the cells should be noted, — 
t,e., whether they retain their uniform unbroken outlines or if 
the}' are partly broken down and the protoplasm essentially 
altered. Finall}', note should be taken of the quantity and so 
far as possible the character of the granular sediment, which 
may consist of albuminous granules or amorphous inorganic 
elements. 



Mtcro-oroanisms. 

The presence of micro-organisms, their motility, and even 
some of their morphological features may often be made out 
among other elements of the urinary sediment when prepared 
as alread}' described. A satisfactory examination in detail of 
these bodies, however, is not practicable without some special 
preparation and staining. As very little has been written, com- 
paratively speaking, of the preparation of urinary bacteria for 
examination under the microscope, the author will here outline 
the method found convenient and useful in his laboratory, since 
it is exceedingly simple. 

The urine having first been thoroughly sedimented in the 
centrifugal machine, — much better with the special attachment 
provided for this purpose, — a few cover-glasses of known thick- 
ness are cleaned and arranged conveniently for use. One of the 
clean cover-slips is placed upon a clean card, and upon the centre 
of the cover-slip is placed 1 or 2 drops of the highly-concen- 
trated sediment. Next, the sharp corner of a freshly -torn slip 
of filter-paper is allowed to touch the extreme margin of the 
sediment. The filter-paper should be held steady till saturated 
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with the Uqiiid elements of the sediment^ then a Iresh piece of 
filter-[mper sUould be applied to another point at the margin of 
the sediment Thia Bhuuld he continued until the aqueous ele- 
metits of the sediment have been as far as poselble retDOved^ 
leaving a glistening^ geluUiious-looking reaidiie. Another clean 
cover-slip is next seijced in a shar|>- pointed forceps and gently 
lowered over the sediment, exactly covering the slip that holds 
the sediment. Tlie two cover-glasaea ahould next be seized Ite- 
tween the previously .cleansed thumb and forefinger of one hand 
and gentle pressure made, when the remaining aqueous elements 
of the sediment will ooze from between the cover^Hps. Next^ 
with a soft clean sillt pocket-handlcerchief wipe the edges of the 
covers by a circular movement, holding the thumb and finger 
more or lest tightly as the axis around whicli the covera revolve 
while being wiped* Gradually increase the pressure, l>oth in 
holding the cover-slipa and wiping, tin til the organic elements 
of the sediment are spread out in a thin film between the 
cover-slips and all the aqueous elements are wiped sway> 
Finally, slide the cover-slips quickly apart, dry the films, and, 
lastly, pass I hem two or three times through a Buosen or 
spirit- fiame. 

It will be perceived that this simple process frees the sedi- 
ment from its aqueous elements, and the latter carries with it the 
dissolved urinary salts which would, if left, greatly Interfere with 
the subsequent staining, or, by crystallization on the cover>slip 
in drving, mar the preparation. 

With regard to staining, nearly every work on bacteriology 
Is replete with inatructions and directions how to proceed, and 
tlie subject is, indeed, so extensive that special works upon the 
subject should be consulted in order to attain proficiency* 
Certain general stains are very useful for urinary sediments, 
among which may be mentioned carbol-fuchsiii, gentian-violet, 
methyl-blue^ etc. The first nnme<l may be made use of for 
staining both gonococei and tuliercle bacilli, and therefore it 
ell oil Id alwaj's form a part of the laboratory equipment As 
a general stain fiir micro-organ isms, found in the urine, the 
author prefers thionin iu the form of a 5- to t-per-cent, aqueous 
solution* 
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Mounting. — The prepared and stained cover-slips containiDg 
the micro-orgauisms are mouuted very simply, as follows : A 
bottle of good Canada balsam thinned with xylol should be kept 
on hand, as well as some perfectly clean thin glass slides of 
good quality. The cover-slips having been thoroughly dried, a 
clean glass slide is placed upon a white card, and by means of a 
glass rod a small drop of balsam is let fall upon the centre of 
the slide, taking care that no air-bubbles are attached thereto. 
Next, with a fine forceps take up the cover-slip and gently lower 
it, film-side down, over the drop of balsam on the slide. If the 
drop of balsam is not too large the balsam will flow evenly 
under the cover-slip, little or none running out upon the free 
surface of the slide. If the drop be large the extra balsam may 
be wiped away with a piece of filter-paper. The preparation, 
after proper labeling, is permanent and ready for examination 
at any time. 

Bacterial Examination. — The microscope should be arranged 
for high-power work as follows : The diaphragm should be 
thrown wide open and the condenser brought up close to the 
stage, so that the light is focused upon the film. The plane sur- 
face of the reflector is turned toward the stage of the microscope, 
as parallel rays are preferable with the condenser. The draw-tube 
should be so arranged that the distance from the upper edge of 
the objective to the top of the tube where the eye-piece fits in is 
just 160 millimetres (6^ inches). The top of the stage should 
be shaded from direct light from any source. The instrument 
should be placed in nearly a perpendicular position, — i.e., with 
the tube perpendicular if the immersion objective is to be em- 
ployed, otherwise the immersion fluid is apt to drain away from 
the field of work. With the immersion objective in position, 
and the light arranged, the tube is lowered slowly, after first 
havin<5 placed a large drop of immersion fiuid on the centre of 
the cover-slip. While lowering the tube with the rack-and- 
pinion movement, the observer should look across the stage with 
the eye nearly on a level with the latter, and while so doing 
bring the tube slowly down until the front lens of the objective 
touches the immersion fluid. The observer should next look 
through the instrument, adjust the light properly, and move the 
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slide about until some distinct tint appears in the field. The 
stain having been recognized, the micrometer adjustment will 
readily be made to bring the microscope in focus with the 
micro-organisms^ which may now be examined in detail. 
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CoNCRETiotre of a more or leas hnvd and dense character are 
liable to form in the urinary ^^asstiges. These Uodies are va- 
riously termed, according to their size, location, etc., sand^ gravel, 
stofie^ and calculi. These formations arc called primary when 
they are deposited from nrlne which bus undergone no decom- 
poBitloiml changes, and are the result of some original defect of, 
or foreign addition to, the composition of the urine. The sec- 
ondary formations, on the other hand, are due to decomposition 
of the urine with resulting precipitation of its elements^ and, for 
the most part, comprising those ammoniacal changes of the urme 
resulting from inflammatory disorders of the lower urinary 
passages. Concretions of small size — not too large to make 
their way spontaneously tlirout^h the urethra^— have been some- 
what arbitrarily termed gravel; while, on the other hand, the 
larger concretions have received the name of stones, or calculi. 
Coucretions vary greatly in size, some of them being so minute 
as to require the microscope for their recognition, while others 
attain the enormous size of au orange or even larger. The 
smaller concretions mostly emanate from the kidneys or renal 
pelvis, while tliose of large size come from the bladder. 

The most practical classification of urinary concretions is 
that which corresponds to the chief constituents of which thej 
are composed. This comprises the following divisions ; (1) uric 
aHd; (2) wra(e«; {Z) calcium oxalate ; (i)ct/8tin; (5)xanthini 
( 6 ) u rost ea lilh ; {*!) ha sic ca lei u m phmph ale ; (S) calcium car^ 
bifiatei (9) calcium phosphate with ammonio^magnenum pkoB- 
phaie. These are all strictly of urinary origin, and composed 
of urinary ingredients. In addition to these, at least two other 
einsses of concretions are met with^ wijose origin is extra- 
urinary, viz., prostatic calculi and fibrin or blood concretions, 

Concretiona may consist exclusively of one ingredient, uric 
acid and calcium oxalate being the most frequent examples. 

(241) 



24S 



AKi^LTsis OF immi. 



Far more frequently, however, two or more primary deposita 
occur in separate and alteruate layers, constituting the so-called 
" alternating '^ calculus^ tbe moat common of wJjicli are tliose com- 
posed of uric acid and calcium oxalate, Tlie number and thiek- 
iiese of tlieae layers in alternating caleiili vary very greatly ac- 
cording to the age of the calculi and the frequency of the changes 
giving rise to the alternating deposits. The thickness of the 
layers also varies to some extent inversely with tht^ir inimber. 

If a calculus consist of but one primary substance, its arrange* 
ment is usually stratified, exhibiting a larger or smaller number 
of concentric la^'ors. Such are usually uric-acid, calcium-oxalatej 
and phospliatic formations. The great majority of concretions 
consist of a central division or nucleus ^%Vii\ an excentric division 
or body. There maybe in addition, especially in old or large 
calculi, an external envelope or crusty which is nearly always 
phosphatic. The nucleus varies much in size and composition. 
It may consist of the same material as the body of the calculus^ 
especially when the latter is made up of auoh primary deposits 
as uric actd^ calcium oxalate, etc* Frequently, however, tlie nu- 
cleus consists of some organic product, as blood-clots, coagulated 
mucus, or ejnthelium. Exceptional! 3- foreign bodies introduced 
from without into the bladder become the nuclei for subsequent 
caleuloua formations. 

Tlie causes of urinary concretions comprise (a) the con- 
ditions favorable for their origination ; (h) the conditions favoring 
their formation and growth. The conditions favoring the origin 
of calculi bftve received some light through the researches of 
Carter, who found that t!ie actual nucleus nearly always consists 
of globular forms of urates and ealcinm oxalate, rather than 
crystals of these substances; and, furthermore, that a colloid 
matrix was always an essential element of the nuclear formation. 
Eainey and Ord have furthermore shown that the globular forms 
of urates and oxalates referred to are only produced when pre- 
cipitation occurs slowly in the presence of a colloid medium. 
From this it would appear that morbid conditions of the urinary 
passages accompanied by exudations of colloid matter, sucli as 
mucus or albuminoids, constitute the initial step in the forma- 
tion of calculi. In the presence of such colloids precipitation 
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of urates, oxalates, etc., occurs, which, combining with the col- 
loids, form globular aggregations that constitute the basis for 
subsequent development of stone. The conditions favoring the 
growth and development of concretions embrace chiefly the 
states of the system or of the urine itself which favor precipita- 
tion of the urinary solids. Under the first set of causes may be 
mentioned digestive disorders, organic diseases of the kidnej'S, 
and diseases of the urinary passages, most notably cystitis. 
The conditions of the urine favoring the growth of calculi are 
variable, and in some cases directly opposite. Among these 
causes may be mentioned (a) excess in the urine of the precipi- 
tated substance ; (6) overacidity of the urine. This disposes 
more especially to the growth of uratic concretions, as it dimin- 
ishes the solvent powers of the urine over uric acid and the 
urates, thus leading to their precipitation, (c) An alkaline con- 
dition of the urine. This may lead to precipitation of the phos- 
phates or carbonates of calcium and magnesium. If the urine 
l)e alkaline from fixed alkali, the eai*thy phosphates or carbonates 
of calcium may be precipitated and favor calculous growth of 
that order, — a rare condition, however. If the urine be alkaline 
from volatile alkali — ammonia — the result is precipitation of 
triple-phosphate of ammonium and magnesium, — an exceedingly 
common occurrence, (d) Deficiency of urinary salines and of 
sodium and alkaline phosphates in the urine weaken its solvent 
powers over the urates and cause precipitation, (e) Lastly, 
deficiency of the normal urinary coloring matters greatly weakens 
its solvent powers and favors precipitation of various constitu- 
ents, especially uric acid and the urates. 

XJrio-Acid Concretions. 
Calculi composed entirely or chiefly of uric acid comprise 
the great majority of stones met with in human urine. Sta- 
tistics give the proportion to all other forms at from 75 to 90 
per cent. Indeed, the great frequency of this form of gravel 
led earl}' observers to the conclusion that all stones were com- 
posed of uric acid in whole or in part ; hence the name lithuria, 
for a long time, was applied to gravel in general, and even at 
the present time is sometimes erroneously applied. 
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TTric acid may be passed in the form of crystalliua clusters, 
or as smooth^ spherical bodies, ranging in size from a pin-point 
to that of a grain of wheat, or, again ^ in roughened concrt^tkum 
as large as a pea- These are derived from the kidney or renal 
pelvis, and may be washed out with tbe urine singly or in num- 
bers at ditferent intervals. The passage of uric-acid gravel from 
the kidney a is usually attended by more or less pain ^ sometimes, 
indeed^ so acute that it has received the name of ** rejial co/ic/* 
All these uric-acid concretions preseut a yellowish-brown or 
reddish appearance. If retained in the bladder, these sniall 
concretions grow, more or less mpidly, into round or ova) or 
elongated and flattened stones. Their surfaces are tuberculated 
and irregular^ and they vary in weight from a few grains to four 
or five ounces. Tbey are bard and brittle^ and, upon section, 
they may be seen to be marked with concentric laminae* 

Uric acid may be recognized by tbe murexid test (see page 
33). It is soluble in soluttons of bthium, potassium, and sodium 
hydrate and also in piperazin, while in Bolutions of sodium and 
potassium bicarbonate it is insoluble, as well as in water and 
dilute acids. Since the combination of uric acid and lithium is 
more soluble In water than its combination with sodium or po- 
tassium, it has become popular to treat the eo*called uric-acid 
diathesis with mineral waters containing a few grains of lithium 
carbonate to tbe gallon. As Bunge 1ms shown,* however, *Hhis 
naive idea simply implies ignorance of Bertbollet^s law in refer- 
ence to the difl*usion of bases in the economy, as no such solvent 
notion of uric acid in the economy is obtained thereby," 

The formation of uric-acid calculi is most frequent in early 
and late life J that is to say, in children and old people. A 
bighly-acid state of the urine is the most essential condition for 
deposition of this form of concretion* Uric acid fretjuently 
forms the basis of calculi which, subsequently, become the 
nuclei for further formation with other urinary constituents, 
cons^tituting ndxed calculi. The most frequent of these second- 
arj formations is calcium phosphate; leas frequently, calcium 
oxahite. Should the urine become alkaline at any time from 

*T«irt-book of Fhy Biologic nJ and Pathological Chenilitry, London, 1890, 
pp. 3^ aud 357. 
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Yolatile alkali, triple phosphates will be deposited and add to 
the growth of the calculus. This, indeed, is almost an essen- 
tial in the late stages of calculous life in the bladder, since alka- 
line urine is one of the features of vesical inflammation which 
attends nearly all calculi of any size, especially during their late 
sojourn in the bladder. The conditions favoring the deposition 
of uric acid have been more fully considered in another section 
of this volume (page 32). 

Urate Concretions. 

Urates rareh' constitute the sole constituent of stone in 
adults, but with uric acid they are frequently met with in the 
calculi occurring in children. On the other hand, in connection 
with calcium oxalate, urates form a large percentage of calculi 
found. Urate concretions have been regarded as consisting of 
ammonium urate, but calcium and sodium are to be found in 
them quite general]}^ upon analysis. Tliej' do not attain a large 
size, as in the case of uric-acid stones, rarely being found larger 
than a small marble. They are usually of a light-grayish color 
and multiple in number, two or more being found together. 
They are not so hard and dense as the uric-acid calculi. Like 
uric acid, urate stones are nearly always deposited from acid 
urines ; the exceptions to this rule consist chiefly of the mixed 
stones of triple phosphate and ammonium urate, which are the 
outgrowths of ammoniacal urine. 

The urate deposits possess a great tendency to form infarcts 
in the renal tubules during early infancy. These consist of 
ammonium and sodium urate, which form yellowish-brown lines, 
oOen reaching from the papillae to the bases of the pyramids, 
following the lines of and blocking the interiors of the large, 
straight, uriniferous tubes. They occur most frequently from 
the second to the tenth day after birth, although they may occur 
as late as ten or twelve weeks after birth. It is significant that 
these infarcts are not found in the kidneys of stillborn children. 
The conditions leading to these deposits in infants is physio- 
logical rather than pathological, — due to the highly-concentrated 
state of the urine at birth ; the deficiency of aqueous elements 
in the urine does not permit cither of solution or washing out 
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of the uratic components of the urine, which, upon the establish- 
ment of respinition, become greatly in excess. 

In febrile conditions in children deposits of sodium unite 
are common, and no doubt frequently form the nuclei and pri- 
mtiry deposit for the subsequent development of gravel. The 
frequent occurrence of calculi in children may be largely attrib- 
uted to this source. 

CaLCIUM-OxALATI CONCRSnONS. 

Oxalate-of-calcium concretions are met with most often as 
large, rough, dark, tuberculated masses commonly called ^^mul- 
berry calculus^ Less often the}' occur as small, rounded, smooth, 
dark-grayish bodies, called ^^ hemp-seed ^^ calculi. Calcium-oxa- 
late concretions are extremely hard and brittle, and when crushed 
present sharp, angular lines of fracture. The nucleus often con- 
sists of uric acid or urates, or it may be colloid. Pure calcium- 
oxalate calculi are often met with, but much more frequently 
mixed calculi of calcium oxalate and uric acid occur in alternating 
strata around a mixed nucleus. Less often calculi are met with 
consisting of oxalate of calcium as the basis, surrounded by a 
more or less deep incrustation of triple phosphate. 

The urine associated with calcium-oxalate calculi is always 
acid, unless in cases of long standing, in which the stone has set 
up cystitis, when it may be found ammoniacal. In short, the 
condition of the urine in these cases is very similar to that with 
uric acid, as might be expected from the fact that calculi are so 
often encountered composed of alternating layers of these two 
substances. 

Cystin Calculus. 

This form of concretion is comparatively rarely met with in 
practice. Although not usually attaining the large size of uric- 
acid calculi, they may be found in the bladder exceptionally of 
considerable dimensions. As a rule they arc of medium size, 
oval or cylindrical in form, with finely-granular surfaces, over 
which may be seen small crystals of a decidedly yellow color. 
Although these concretions are rather soft and com]>ressible, 
they break with a crystalline fracture. Upon section they pre- 
sent a radiated appearance of yellow color not unlike bees-wax. 
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bat they turn gray upon exposure to light. The causes of cystin 
deposits in the urine have already been discussed in the pre- 
ceding section. The most notable feature in this connection is 
its tendency to occur repeatedly in members of the same family. 
Cystin is readily recognized by its ready solubility in ammo- 
nia, depositing, upon evaporation, its beautiful and cliaracter- 
istic six-sided crystals. It is also soluble in mineral acids as 
well as in the fixed alkalies and their carbonates; while it is 
precipitated by vegetable acids and ammonium carbonate. 

Xanthin Concretions. 

Xanthin calculi are exceedingly infrequent; in fact, they are 
perhaps the rarest of all concretions met with in the urine.^ 
They seem to be entirely confined to 3'oung subjects, none as yet 
having been met with either in adult or in advanced life. 

Xanthin concretions are of a whitish, yellowish-brown, or 
cinnamon-brown color, of medium hardness, with amorphous 
fracture, and on rubbing appear like wax. They vary in size 
from a pea to that of a hen's egg, Tiiey burn completely when 
heated on platinum-foil. They give the xanthin reaction with 
nitric acid and alkali, which should not be mistaken, however, 
for the murexid reaction. 

Calcium-Phosphate Concretions. 
Phosphate-of-calcium calculi are among the rarer forms of 
unmixed concretions. They possess a chalk-like appearance and 
break with an amorphous fracture. They may be dense in 
structure or loose and spongy. Two forms of calcium-phosphate 
calculi occur: (a) Round or oval form, varying in size from a 
smaU bean to a hen's egg. These are of a white, chalky appear- 
ance, of friable surface, and break with an amorphous fracture. 
These are usually vesical calculi of elderly people, especially 
dyspeptic people with alkaline urine. (6) The second form is 
irregular, sometimes branched in shape, of a grayish-white color, 
compact in texture, brittle, and of porcelain-like fracture. These 
are usually found in cysts and pockets of the urinary channels, 
and appear to be of local origin. 

* LeM than a dozen cases are at present on record. 
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TUe earthy pbospbatet are often abLincIautly de posited in tbe 
urine, but, owing to their amorplioua form, they poaaess little 
tendency to concrete; otherwise this form of calculus would 
doubtless rank among the most frequent of urinary cont^re- 
tions. It is well known that patients may void alkaline urine, 
turbid from undiiaolved earthy phosphates, for months without 
stone formation. 

AMKOHIO-MAONlSnJM-FHOSPHATX CoNCRXTTOKB. 

Calculi composed exclusively of this salt are uncommon; 
but, on the other hand, it very frequently forma the exterior of 
other formi of calculi, such as uric acid or calcium oxalate. 
Ammonio-magnesium-phoaphate concretions are always aigniQ* 
cant of ammoniacal urine, and herein Ilea the explanation of its 
frequency as a secondary deposit upon other primary concre- 
tiona. The mechanical irritation set up by any primary calculus 
of much size invariably leads to ammoniacal decom position of 
the urine, usually in the bhidden The reault of these changes 
Is prompt precipitation of triple phosphates of highly -cry stalliue 
nature, and therefore readily tending to concrete upon any 
nucleus In the bladder. It has been stated that triple phosphate 
calculi are rare ; this applies to concretions of marked size. 

Mixed PaoapiiATX CoitcRBfioNS, 
The moat common variety of mixed phoRphatic calculi are 
those composed of calcium phosphate with triple phoe^phate of 
ammonium and magnesium* This has been termed tl»o '' fusible 
calculus,'' because under the blow-pipe it fuaea into a black, 
enameHike mass. These calculi often attain a large size. They 
are of grayish-white color, often covered on the surface with 
brigiit, glistening pointe, — triple phoRphatic crystals. In text- 
ure they are friable and somewhat spongy, often composed of 
concentric strata, easily fractured into thin laminfe^ the fract- 
ured surfaces often presenting bright deposits of cryetalUne 
triple phosphates. This calcnlus is very soluble in mineral 
acids, but is insoluble in water and alkalies ; its chief character- 
istic is its fusible property under the blow-pipe* 

These calculi nearly always form upon some other primary 
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n Helens, such as uric acid or calcium oxalate^ and they often 
i tier List fungous or other growths of the bladder. Tbey are 
alvrays the result of ammoiiiacal urine, and origiuata chiefly 
within the bladder. 

Calcium Carbonat£ CoNCEETtoNB. 

Concretions of earbouate of calcium belong to the rarer forms 
f*r catculi met with in humun urine, very few authenticated cn^ioR 
being on record. They are small in size, of smooth surface^ 
gray or bronze-like in color^ and often very hard in texture. 
They are mostly spLerical in shape, often translucent, and on 
ieetion present numerona concentnc lines. The nucleus is 
usually multiple, and upon crushing these calculi they break 
into sharp fragments. 

Other Forms of Concbstions. 

A few additional varieties of concretions are occasionally 
met with in the urine. 

Fatty Concretions. — These consist of fatty matters saponified 
by the alkalies of the urine. Tbis substance has received tbe 
name of vroatealitk, Tbese concretions are soft and friable, 
usually of brownish or yellowish color, and often incrusted with 
phospbates. They burn with a flame when heated on platinum- 
foil, and give off an otlor similar to resin or shellac. These 
calculi bave only been met with a few times. 

Indigo Concretions. — Ituligo has been met with in the urine 
in the form of cakiilus. It is doubtless derived from the in- 
doxyl-potassium sulphate of the urine, which may be changed 
hf highly-acid urine into indigo. Such cases are exceedingly 
rare, however, but one or two having been recorded. 

FibHn and blood covcreiions are mentioned as having been 
met with in the urine, but these must be looked upon as anonm- 
lotis occurrences^ except as forming the nucleus of other calcu- 
lous growths. 

Prostatic Concretions.— Prostatic calculi may be mentioned 
as sometimes encountered in the urine, although not strictly 
speaking urinary products. Sir Henry Thompsou found these 
ealculi invariably in the adult prostate at the autopsy. They 

17 
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are foand in the follicles of the prostate; at first consisting 
entirely of albuminoid matter, they later become impregnated 
with earthy matter, and ultimately become as hard as other 
forms of calculi. It is exceptional that they give rise to special 
symptoms ; only so when the}* attain an unusual size and en- 
croach on the gland-tissue or project into the urethra. It is 
only exceptionally that these concretions are spontaneously dis- 
charged with the arine. 

Clinical Differentiation. — It would add greater precision to 
the treatment of calculus if the nature of the stone could be 
made out. The accuracy with which this can be compassed will 
vary considerably in different cases. The most trustworthy in- 
formation is obtainable from examination of calculi already 
voided with the urine. In a very considerable percentage of 
cases the habit of spontaneous expulsion of small concretions 
has been established. If the discovery of a retained calculus be 
not too remote from the spontaneous passage of a concretion 
which has been secured and examined, and, furthermore, if the 
characters of the urine correspond, it furnishes the most certain 
evidence of the nature of the retained calculus. It is of the 
utmost importance, therefore, to preserve all concretions that 
may be spontaneously voided with the urine, however minute 
they may be, and to make an accurate note of their composition, 
as well as of the characters of the urine at the time they were 
voided. 

In the absence of the above information it is still possible, 
in a large majority of cases, to make out with very great proba- 
bility the composition of the retained concretion. The evidences 
here are to be drawn from the characters of the urine — notably 
its chemical reaction and the character of the deposits. In 
addition to these, certain inferences are to be drawn from the 
constitutional peculiarities of the patient, as well as the age, 
together with the known frequency of the different forms of 
concretions considered with regard to their location. 

If the urine be frankly acid at the time voided, the calculus is 
nearly certain to be either uric acid or calcium oxalate. Uric- 
acid calculi being by far the more frequent, the chances are in 
favor of the presence of that form of concretion. If, in addition 
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to the sharply-acid reaction of the urine, dirBcily upon cooling 
it precipitates crystals of nric uci4^ and the symptoms appear in 
vigorous anlyects aiUUet^d to the liberal use of meat diet, it 
liecomei reasouably certain that the calculus is of the uric-acid 
form* 

If, on the other hand, the /res^i^*tx>t(3fet( acid urine precipi- 
tate habitually the calcium-oxalute crystals, the psitieut Iveing of 
sedentary habits and prone to indulgence in the use of both 
eacebariue and proteid foods, it may be pretty confidently con- 
cluded that a calcium-oxalate calculus is retain ed. As already 
observed, calculi are very frequently- met with composed of 
alternating layers of uric acid and cnltjiuin oxnlate, becauae they 
are both the outgrowth of acid urine, as well as largely of simi- 
lar habits of living. But the predumiuance of either variety 
may usually be made out by repeated observation of the features 
just considered. Cystin and xanthin concretions are also met 
with in acid urine, but these formations are so rare that they 
may, for practical purposes, be ignored, unless tlie presence of 
these substances he discovered in the urinary sediment, in which 
cases the probability of the presence of these rarer forme of 
calculi may become a proper subject for consideration. 

The forms of calculi met with in alkaline urine next demand 
attention. For the most part these are vesical calculi. As a 
rule, they are more complex in composition, because the con- 
ditions of the urine during the formation and growth of these 
concretions are subject to greater change. Renal calculus is 
frequentl}"^ composed of a single constituent, because its origin 
and growth are practically in the same location and subject to the 
same conditions of the urine throughout. With vesical caleu- 
his, on the other hand, the nucleus may originate in the kidney 
when the urine is acid, or even alkaline from fixed alkali, while 
its subsequent development occurs in the bladcier, where the 
urine may be ammoniacal,as a consequence of its residence there 
or otherwise, and its growth will be Influenced by the elements 
consequent to ammonJacal urine. 

The most frequent calculus met with in alkaline urine is tbtit 
composed of mixed phosphates^ or the calculus with uric-acid 
or urate nucleus covered with mixed phosphates. If the urine 
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be alkiiiine from fixed alkali, the calculus is pretty sure to con- 
eist of calcium carbonate or phosphate. lu euch cases the urme 
has usually long been alkaline, and tbe calculus is likely^ accord- 
ing! v, to consist uniformly of the same substance throtigliout. 

If the urine be amraoniacal the nucleus and body of the 
rnlculua is very likely to be composed of different substances. 
The nucleus may be uric acid, urates, or oxalate of calcium, but 
the crust ia pretty sure to consist of mtxed phosphates. Re* 
memberiug the rapidity with ^bich nrlne undergoes ammoniacal 
changes in vesical disturbances, special care should be ob- 
served to see if the urine be ammotuacal in these cases at the 
time it tua^ imded^ otherwise the observer may be greatly misled 
in his conclusions. The intensity of ammoniacal reaction of 
the urinef the deposit of phosphatic fra<zuient3, and the amount 
of deposit of triple-phosphate crystals, together with the grade 
of the accompanying cystitis, will furnish some idea of the age 
and magnitude of the phosphatic calculus. 

Analysts op Calculi. 
In conducting the analysis of urinary calculi the size, color, 
form, and density of the concretion should first be noted, »a 
these often indicate, with considerable probability, their com po- 
sition, or at least the direction in which the chemical examination 
should be pursued* Since many calculi are composed of more 
than one deposit, in order to ascertain with greater precision the 
several components, section should first be made of the calculus 
by means of a fine saw. If the calculus be brittle it will often 
answer the purpose to break it into as large pieces as possible. 
Upon section or fracture, portions should be ecraped from the 
different-appearing strata for separate examination. A portion 
of the calculus should first be subjected for some time to a red 
beat ujw>u platinum- foil, either over a spirit-lamp or by means of 
a blow-pjpe* In tlie latter case the best method is to lay Ihe 
platinum-foil on a plaater-of*Paris criat, when the powdered cab 
cuius and foil may be raised to any desired degree of heat with- 
out danger of burning the fingers. If upon ignition little or 
nn fixed residue be left, the calculus is composed of some of 
the organic deposits^ — as nric acid, ammonium urate, xanthm. 
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cystin, proteid subatj^nces, or urostealith. If, on the other hand, 
the fused calculus leave a cousiderable residue^ it conaists of 
some of the inorganic bases, either alone or in combination, such 
as urates of aodiutn, potassiuni, or ammonium, calcium oxalate, 
calcium carbonate, calcium phosphate, or ammonio^magnesium 
phosphate. 

If the concretion burn up and leaTe little or no residue, it 
is necessary next to proceed by chemical methods to determine 
which of the organic deposits it be composed : — 

Uric Acid. — A portion of the powdered can ere ti on Is Bub- 
mitted to ttie murexid test (see page B3)^and if the character^ 
istic color- react! on be obtained witli nitric acid and amnion in, 
the calculus consists of uric acid or ammonium urate. A por- 
tion of the finely-powdered calculus is subjected to boiling 
water, when, if complete solution be effected, the calculus is am- 
monium urate; but, if slightly or not at all solvent, it may be 
concluded that it is a uric-acid calculus* If further conrinimtifm 
be necessary, let the solution stand until cool : ammonia will be 
evolved when treated with potassium bydroxid, if ammonium 
urate be present; and red litmus will be turiied blue if suspended 
over the solution. If the result be negative — no ammonia 
present — the calculus is uric acid, 

Xanihin does not give murexid reaction, but its solution in 
nitric acid upon evaporation leaves a bright citron-yellow 
residue, insoluble fn potassium carbonate, but soluble in pot.aa- 
aiura hydroxid, with resulting deep red dish -ye I low colon 

Oystin does not give murexid reaction. Owing to its con- 
tained sulphur, if dissolved in potassium hydroxid and a little 
lead acetate be added, upon boiling a black precipitate of lead 
sulphide forms and imparts to the solution an inky appearance. 
C3'stin also dissolves in ammonia, and upon evaporation crys- 
tallizes in regular hexagonal plates, if dissolved in hydro- 
chloric acid and slowly evaporated, it forms diverging erystala 
arranged in sheaf-like form* 

Fratein concreiionM do not girt murexid reaction ; upon htat- 
ing they evolve the odor of burnt horn or feathers. They are 
insoluble in water^ alcohol, and ether, but are soluble in polAi- 
sinrn hydroxid. 



254 



AKAXTBTS Of ^BINm. 



Urosiealiih gives do mure rid reactian,but dissolTet in ether, 
and yields fatty acids upon boiling with baryta-waten It dis- 
solves in potassium lijdroxid when beated and becomes tape* 
naceoust 

If the concretion be incombustible and leave, after ignition, 
a relatively large residue, it is necessary next to proceed to 
determine its composition, as follows i — 

Urates of the FHxed Alkalies (Sodium and Poia$aium Uraies). 
— In order to isolate these fixed bAses the concretion is finely 
powdered, and after boiling in distilled water is filtered. The 
urates pass through the filter in solution, while the less soluble 
uric acid remains on the filter. The solution is next evaporated 
and then ignited, and the residue consists of the fixed bases. If 
the residue turn moistened turmuric paper brown, it is either 
potassium or sodium ; if it be the latter, it im parts to the 0ame 
of the blow-pipe a j^ellow color. 

Magnesium and calcium, if present in the residue, may be 
dissolved in dilute acids, and, upon addition of sodium phos- 
phate arid ammouia, the calcium und magnesium are precipitated 
as animonio*magnesium and calcium phosphates. 

Calcium Oxalate. — These concretions first blacken upon 
heating, but upon further ignition they finally leave considerable 
white ash, which dissolves in hydrochloric acid mth effervescence. 
If this solution be neutralized with ammonia, and oxalic acid 
be added, characteristic envelope-shaped crystals of calcium 
oxalate are precipHated, and may be recognized readily by the 
microscope. 

Calcium carbonate ^ like calcium oxalate, at first blackens 
upon ignition, but ultimately burns white, leaving considerable 
infusible ash. Calcium carbonate, however, is distinguished 
from calcic oxalate by its Isighly-chamcteristic property of dis- 
solving in hydrochlorio acid with efiervescencc. It will be 
remembered that the fused ash of calcium oxahite — not the cal- 
culus—dissolves in hydrochloric acid with efTervescence, 

Ammonio-magnesium j>hosphate with more or less calcium 
phosphate usually occur together, and as such constitute the 
mixed phospliatic or fusible calculus. Upon ignition this cal- 
culus melts into an enamel-like mass. Upon prolonged ignittoii 
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they do not show an alkaline reaction like calcium oxalate and 
carbonate. Tlie fused ash of this calculus dissolves in hydro- 
chloric acid %t)ithout effervescence. 

The excellent table on preceding page, from Heller, shows at 
a glance the chief features of the analysis of the various calculi, 
and will be found to greatly facilitate the analysis of calculus by 
the student. 



Part II. 

Urinary Diagnosis. 



DISEASES OF THE URINARY ORGANS AND URINART 
DISORDERS. 

THE URINE IN OTHER DISEASES 
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SECTION X. 

DISEASES OF THE URINARY ORGANS, ANB URINAEY 
DISORDERS. 

Urinart dU^osis, as considered in the subsequent pages of 
tUis work, will include : Firsts diagnoBtic data derivable from the 
urine which relate directly to pathological conditions of tlis 
uriniiry organs themselves. Second ^ dia^ostic data deriTable 
from the urine which relate to pathological conditions, either 
local or general, but the prominent feature of which is some 
marked and characteristic departure from the normal condition 
of the urine itself, Tfiird^ diagnostic data derivable from the 
urine which relate to pathological conditions primarily inde- 
pendent of the urinary organs^ in which the latter may or may 
not become inrolved. 

In order to bring the range of urinary diagnosis more fully 
within the field of pmctical clinical work^ the plan will be fol- 
lowed of first describing the changes effected in the urine by the 
various forms of disease, followed by a brief epitome of the 
leading clinical symptoms, and, where necessary^ also the differ- 
ential features in each case. 

A perusal of the nine preceding sections will familiame the 
student with the process of secretion and excretion of the urine ; 
the chemical and microscopical characters of the latter, both 
normal and abnormal ; and the clinical significance of the various 
morbid products met with in the urine in the course of disease* 
In order now to compass the entire groundwork of knowledge 
essential for practical urinary diatrnosis, it only remains to con- 
sider the most approved methods of physical examination of the 
urinarj* organs themselves. This requires a practical knowU 
edge of the regional anatomy of the urinarj organs, and, while 
doubtless most readers of this volume are already familiar with 
the subject through the numerous and excellent text-books on 
anatomy now in general use, it is yet believed that a brief and 
practical survey of the subject here will facilitate the study of 
th« Bubjecls shortly to be considered* 

(269) 
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Anatomical Conshjerationb, 

Th« Kidnayi,— These are two large, glaDdular organs situated 
ill tbe tipper aud posterior part of the ftbdominal cavity, on 
either side of the spiiml column. Each kidtiey is about four 
inches in Itugtb, two inches in its transverse diaineter, and 
rather more than one inch in thickness. These dtmensions vary 
somewliat in individuai cases. The left kidney is ordinarily 
slightly longer and narrower than tbe right kidney. The weight 
of each kidney is from 4 to 5 ounces, tbe male kidney being 
ordinarily 2 or 3 drat;hma heavier than that of the female. Tbe 
left kidney in both sexes weighs about 100 grains more than tbe 
right one. The combined weight of both organs, in proportion 
to the body-weight, is about 1 to 240. 

In form the kidney resembles a " haricoij*^ or ^^ Hdne^-beanJ^ 
It is compressed from either side, presenting an anterior and 
posterior surface, both of which are slightly convex, the anterior 
surface most so, Tbe outer border presents an elongated con- 
vex line, while the inner border is concave, with a deep notch in 
the centre,^ — 'Hke hilum.''^ The upper and lower extremities of 
the kidney are slightly wider than tbe middle of the organ, tbe 
upper being somewhat the wider of the two. The anterior sur- 
faces of the kidneys look obliquely outward and forward from 
either side of the bodies of the vertebifie. The posterior surfaces 
of the kidneys — rather more flattened than the anterior — look 
obliquely backward and inward toward the spines of the verte- 
brae. The upper end of the kidney — somewhat knobbed and 
larger than the lower — is nearer tbe spinal column, and has a 
aligbtly more posterior position than the lower end. The inner 
border of the kidney, at its upper part, is about one inch from 
the middle line of the body ; the outer border, at its lower part, 
is three and tbree-fourths inches from the middle line of the 
body. The outer or convex border of the kidney looks obliquely 
upward, while tbe concave or inner border looks obliquely 
downward and forward. 

The kidneys are situated deep in the loins, on either side of 
the vertebral column. The upper border of the kidney corre- 
sponds with the space between the eleventh and twelfth ribs, 
wkUe tbe lower border corresponds with tbe middle of the third 
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lumbar vertebra. The pelvis of the kidney is about on a level 
with the spine of the first lumbar vertebra. During deep inspi- 
ration both kidneys are usually depressed by the diaphragm 
about half an inch, though not always so. 

" An horizontal line passing through the umbilicus would lie 
just below the lower borders of both kidneys ; while a vertical line 
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(After Morris.) 

extending perpendicularly upward from the middle of Poupart's 
ligament to the costal arch would pass directly over the kidne}', 
slightly external to its median line. Posteriorly, a line parallel 
with and one inch from the vertebral column, extending from 
the lower edge of the tip of the spinous process of the eleventh 
dorsal vertebra to the lower edge of the spinous process of the 
third lumbar vertebra, would fall just inside of the inner border 
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of the kidney. If now two lines be drawn, from the ends of the 
line just described, horizontally outward for two and three-fourths 
inches, and if the outer ends of these two lines be Joined by a 
perpendicular line, the whole kidney would normally lie within 
tbe four lines described " (Morris). 

The kidneys rest on the crura of the diaphragm, on the 
anterior lamella of the posterior aponeurosis of the transversalis 




Fio. 87.— ToPOORAPHiCAi. Relatioits op Kidvsts, Postxbxoblt. 
(After Monii.) 

muscle. To a slight extent they also rest upon the psoas muscle. 
Tbe right kidney is somewhat lower than the left, owing to the 
position of the liver, which it touches by its suprarenal capsule 
at its upper end ; then the peritoneum passes over its anterior 
surface near the upper end, and the duodenum and commence- 
ment of the transverse colon are in contact with it where they 
are uncovered by peritoneum. The left kidney^ rather higher 
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tb&n the riglit, is covered in front by the great end of the 
itomach^ the spleen, and the descending colon. The front of tlie 
organ touches the funduB of the stomach , and then comes in 
contact with the pancreas and, lower down^ with the commence* 
ment of the descejiding colon. The external border of the left 
kidney, in the upper two-thirds of ita extent, is in contact with the 
spleen. (See Fig. 38.) 

The kidneys are surrounded by a thick layer of fat contained 
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in the meshes of a loose areolar tissue and constitute the " tunica 
adiposa" It is thicker and more abundant posteriorly than 
anteriorly^ but everywhere it completely invests the fibrous cap- 
sule of the organs. The amount of fat contained in the tunica 
adiposa is subject to great variation in different subjects. This 
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fact dbould uot be forgotten^ sidcg in stout persons it may be so 
pronounced us to mislead ont iis to tbe size of the kidney itielf. 
On tlie other hand, in spare subjects , the fatty elemeuts of the 
timicfi &dipoBa ma}' become so far absorbed that this tunte 
becomes loose ^ and its contjections with the kidney and sur- 
rounding parts are relaxed eo that the kidneys are capable of & 
very considerable degree of mobility. 

The capBule of the kidney is a thin, smooth, 6rm,and closely- 
fitting envelope* Composed of numerous firm, elastic fibres^ it 
possesses considerable power of stretching and contracting, 
regulated by the degree of vascular tension of tbe kidney. The 
capsule adheres, by minute fibres of connective tissue and capil- 
lary vessels^ to the surface of the kiduej, from which, however, 
it can be readily separated in the healthy organ without dragging 
any of the glandular structure of the organ proper with it. The 
capsule, following tbe notch or hilum in the renal substance, 
passes into the sinus of the kidney and becomes continuous, 
around the bases of the papillie of the pyramids^ with the 
stronger external fibres and elastic tissues of the calyces and 
pelvis. The pedicle of the kidney is composed of the dilated 
upper end of the ureter, the renal artery and vein, a quantity 
of connective tissue, and a large number of lymphatics and 
nerves. The relations of the vessels and ureter to each other in 
the pedicle are as follow : From above downward, artery, min^ 
and ureter; from before bac^kward, mw, artery, and ureter. 
This arrangement occasionally varies. 

The kidney is liberally supplied with blood \ indeed, out of 
all proportion eo, according to its relative size. The renat artery 
is of large size and arises from the aorta a little below tbe origin 
of the superior mesenteric artery, the right usually arising a 
little lower than the left. As the aorta lies to the left of tbe 
median line, the right renal artery is longer than tbe left and 
crosses behind the vena cava inferior. Before reaching tbe 
notch or hilum of tbe kidney each artery divides into four or 
five chief branches, which sink into the sinus behind the corre- 
sponding branches of tlje renal vein and in front of the pelvis. 
Deep in tbe notch of the kidney these branches break up into 
a number of smaller branches, which leave the veins between 
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the calyces and enter the substance of the kidney between the 
papillse. 

The renal vein is a short, wide veisel, and, like the artery, 
takes an almost horizontal course. Its primary branches — four 
or five in number — issue from the hilum in front of the arterial 
branches, and then the vein continues in front of the artery nutil 
it joins the vena cava. The left renal vein is joined by the sper- 
matic vein, both right and left renal veins receiving branches 
from the suprarenal capsule of their respective sides. 

The nerves of the kidney consist of filaments from both the 
sympathetic and cerebro-spinal systems. They accompany the 
renal artery, and are derived from the renal plexus and the lesser 
splanchnic nerve. 

The kidneys are surmounted by two small, yeUowish, flat- 
tened bodies, — the suprarenal capBideSy — which dip slightly 
downward over tlie upper borders. The right one is somewhat 
triangular-shaped, the left one semilunar. They are connected 
with the kidneys by the common investing areolar tissue, and 
each capsule is marked on its anterior surface by a fissure which 
appears to divide it into two lobes. The right suprarenal body 
is closely adherent to the posterior and under surface of the 
liver ; the left Uea in contact with the pancreas and spleen. Both 
capsules rest against the crura of the diaphragm, on a level with 
the tenth dorsal vertebra, and by their inner borders are in rela- 
tion with the great splanchnic nerve and semilunar ganglion. 

The Renal Pelvis. — As the ureter passes upward it loses its 
cylindrical form on a level with the lower end of the kidney, and 
it there begins to expand into a large, funuel-shaped dilatation^ 
which is known as the ";jfl^tns" of the kidney. After entering 
t!ie hilum or notch the pelvis divides into two or three primarv 
tubular branches, which in turn end in several short truncated 
but wide pouches, named calyces or infundibulu, the mouths of 
which receive the papillae as ^^ does a glove the fingers.'* A 
single calyx often surrounds two or three papille&, so that the 
calyces are fewer in number than the pyramida of the kidney. 

The Ureter begins at the tower, pointed end of the funnel- 
shaped renal pelvis, at a point about the level of the lower 
border of the kidney, and extends, in length from fourteen to 
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sl^cteen inches , to tbe base of the hlatkier, into wljkU it opens hy 
a constricted, slit-like openiog, ufter having piissed ghliqiid^^ fur 
nearly an incb between its muscuUir aiul mucous eojits. 

The ureter is a cylmdrieal, membi;vnou3 tube, about the 
diameter of a goose-quill ; but the lumen of the tube is iiot 
utiiform. The ureter, in [msaing downward and inward to the 
brim of the pelvis, lies dircetly behind tbe iieritoueum^ resting on 
tlie psoas muBcle^ and is crossed by the spermatic vessels. In 
the pelvis it enters the peritoneal fold coustituting tbe posterior 
false ligament of tbe bladder, and runs downward and forward 
by the side of the bladder, entering the wall of the latter about 
two inches from the ureter of tbe opposite side. In the female 
tbe ureters pass by the neck of the uterus, about an inoh from 
the latter. 

The Bladder. — This is a hollow^ museulo-membranous organ 
situated behind the pubis within the pelvis, in front of tbe rectum 
in tlie male, the uterus and vagina intervening between it and 
the rectum in tbe female. The shape of the bladder varies with 
the age, sex^ and degree of distension of tbe organ. In infauey 
it is conical in form and projects above the pubis. In the adult, 
when empty, it ia small and triantrular in fortn, situated deeply 
m the pelvis, flattened from before backward, and rlsea on a 
level with the ui>per border of the pubic symphysis. When 
slightly distended^ the bladder is founded in form and partly 
fdU the pelvis ; when greailt/ distended it is oval in shape and 
rises into the abdominal cavity, sometimes extending as far as 
the umbilicus. It is largest in its vertical diameter, and its long 
axis is directed obliquely downward and backward. When mod- 
erately distended (containing one pint) it measures about five 
Miches in length by about three inches in width. The bladder ia 
divided into summit, body, base, and neck. The summit consti^ 
tutes tbe upper, rounded border of the organ, which is covered 
by peritoneum. The body of the bladder, posteriorly, is also 
covered by peritoneum^ but anteriorly it is uncovered by that 
membrane. Tbe base of the bladder is directed downward and 
backward, resting, in the male, upon the rectum ; in tbe female, 
lying in contact with the lower part of tbe cervix uteri, and ad- 
herent to the anterior vaginal wall. The neck of the bladder is 
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tbe constricted portion contiiiuons witli the urethra; in the male, 
surrounded b}' tUe prostnte gbvnd. 

FeYSICAL £XA»tNAT]ON. 

For examination of the kidney by meaus of pereus&jun the 
patient Bboukl lie upon the abdouieu, aerosa a nilher hard 
pillow. In this posit ion there ivili be found ^ in tbe lumbar 
region of the normal subjeut with noriujil kidneys, n spttee 
between the last rib and the pelvic brim, rather less than 
two inches broad ^ — five ceutiraeti'ea, — which elicits a dull note 
upon sharp percueision. Anteriorly, this dullness is abruiHly 
exchanged for tympanitic resonance as the intestines are ap- 
proached- The dnll note is continuous upwiird and outward 
l)eyond the limits of the kidney: on the rigUt side continuous 
with that due to the liver ; on the left side continuous with Unit 
due to theapleenj while below, the pelvic brim (within which 
tbe lower border of the kidney lies) prevents lUe lower border 
of the kidney from bein^ defiiied. It will, therefore, be seen 
that the normal kidney elicits but little information ti|>on per- 
cussion, owing to itft unfavorable position for that purpos*e, for 
even moderatel^^-enlarged kidnej^s cannot, with |>ereni4sion, be 
thus outlined. "Obscured by the thickness of the abdominal 
walls, covered in part by the lower ribs, liver, and siilcen, In 
part arched over by the vertebral processes, covered by the 
body of the sacro-spinatus muscle, tbe lateral border of which 
closely corresponds with the convex border of the kidney, it 
will be readily aeen that these organs present the greatest obstn- 
cles to percussion." In abnormal conditions of the kidney^ how- 
ever, notably those of large tumor, percussion becomes of very 
decided utility, bnt for such purposes the patient should be 
placed upon the back, iu the position for palpation, 

PalpaHon of the kidney is best conducted by placing the 
patient upon the back^ with the thighs slightly flexed and some- 
what separated from each other. The examiner should iippnmch 
the side of the patient which he desires to palpate, and with one 
hand upon the anterior wall of the abdomen he should pass the 
other band behind the patient, pressing deeply with bis fingers 
frond behind forward in the renal region (between the lower 
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border of the ribs and the iliac crest), pushing firmly forward 
any tumor against the opposite hand. 

In pathological conditions of the kidneys, notably if the 
organs be ver}^ much enlarged or displaced, physical examination 
often elicits valuable diagnostic information. Thus, in the case 
of morbid growths, some knowledge of their nature is obtain- 
able by the sense of touch and manii)uliition. Thus, the organs 
may feel smooth, uneven, globular, lobuhited, fluctuant, soft, or 
dense. They move but slightly with respiration. If tumor be 
present, the kidney may leave its normal bed beneath the dia- 
phragm and be seen in front; but a riormaZ movable kidney is 
not visible upon anterior inspection. 

A circular, symmetrical swelling between the borders of the 
ribs and the pelvic brim, extending posteriorly toward the spine, 
with oodematous condition of the skin and tissues beneath, may 
point to perinephritis with peri nephritic abscess. Tenderness 
upon pressure is obtainable in acute, but i*arely, if ever, in 
chronic, diffuse nephritis. It is present in renal stone, espe- 
cially if the latter has excited inflammation. In hydronephrosis 
it is usually present, and in perinephritis it is especially promi- 
nent. Large formations, as carcinoma, sarcoma, h3'dronephro- 
sis, pyonephrosis, perinephritis, and echinococcus, are plainly 
palpable; the latter mny show, by quick, short, bimanual 
l)ercusflion-strokes, a peculiar whiz, — the ^^ hydatid vibration,'*^ 
Since the kidnc}' lies behind the peritoneum, when it l)ecomes 
enlarged by growths so as to extend forward it usually pushes 
before it the ascending or descending colon against the anterior 
abdominal wall; in such case the colon may be made to fur- 
nish valuable differential knowledge, because other abdominal 
growths, being intra-peritoneal, push the colon aside, and there- 
fore furnish no tympanitic note from this source. Since the 
colon is best distinguished when it contains air, it is often 
advisable to inflate it for dingnostic purposes. Movable kidney 
is known by its form, mobility, size, often its capability of 
replacement, and occasionally pulsation of the renal artery mny 
be felt. 

Although palpation is usually suflScient to reveal the pres- 
ence of renal tumors of any considerable size, anterior or 



PHTSICAL EXAMINATION. 



26d 



lateral percuision is nscMIj employed for confirmative purposes, 
lu the aiitbor^s experience, one of the most valuable method a is 
that of anterior auscultatory percussion for this special purpose. 
By placing the stethoscope over the centre ^f a viseus or tumor, 
and by the finger-tips very gently tapping the abdominal wall in 
a radiating direction from the instrument, the outline of tlie 
body upon which the stethoscope rests can be made out with 
great precision by the impulse and pitch of the note conveyed 
to the ear. 

The method of diagnosticating unilateral dislocation of the 
kidney by bilateral percussion, upon the theory of diflTerential 
bilateral resonance, although formerly much relied upon, has, 
upon wider experience, proved un trust worthy. 

The differential features between renal tumors and those of 
adjacent organs often require most careful consideration. Thus, 
the difTerential features between a moderately displaced right 
kidney downward and a distended galKbladder, an echinocoecus 
cyst or other growth upon the lower border of the liver is not 
readily made out by palpation or percussion* Kespiratory mo- 
bility, if pronounced, may, with considerable degree of certainty, 
exclude the kidney* Capability of replacement, on the other 
hand, so that the tumor disappears, proves the tumor to be renal 
Movable left kidney is differentiated from moviible spleen by 
palpation and percussion. Palpation may reveal cliaraeteristic 
notches in case of the spleen ; while in movable kidney the 
pulsations of the renal artery may sometimes be felt by deep 
pressure at the hilum of the organ. The course and relations 
of the colon, as ascertained by percussion, are also here valimble 
guides. Respiratory mobility may or may not accon) [mny S[ilenic 
eidargement ; if present it argues against the renal nature of the 
tumor* 

The ureters are so inaccessible that they furnish but little 
information upon palpation or percussion. A few^ surgeons, 
notably Slmon^have repeatedly felt the ureters by an&sthetizing 
t!»e patient sind introducing the hand into the rectnmp Recently 
palt>ation of the ureters per vaginam has come to be practiced. 
This offers no special difficulty, as the ureters can be plainly felt 
for nearly three inches of their lower extremities, and growths 
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or stones in this portion of the canal can be clearly made out. 
To a less extent palpation of the ureter may be practiced per 
rectum with the finger, but only about the last inch or so of the 
tube can thus be ordinarily defined^ as it lies within the bladder- 
wall. 

Abdominal palpation is rarely successful in UT^teral exam^ 
nations, and only in cases of very spare subjects, when the ureters 
are greatly distended or are occupied by large growths. The 
vesical orifice of the ureter muy be insi>ected by means of the 
cystoseope, and morbid conditions of that part of the amal can 
be determined satistactorily. Cutheterization of the ureters, a* 
yet, is applicable only to limited cases — in tUe female* This 
immensely valuable means of diagnosis, eepeciall}' desirable for 
reual as well as ureteral purposes ^ must very shortly be per- 
fected in connection with the cystoscope. The author's instru- 
ment, devised by Leiter for this purpose^ has never proved satis- 
factory; nor can any of tlie instruments in present use be 
depended upon to meet the purpose. 

The Madder is only noticeable on external inspection in cases 
of extreme distension, when it rises into the abdominal cavity. 
Palpation is applicable in moderate distension of the bladder 
above the symphysis pubis. It may also be practiced per 
vaginam and per rectum either by one hand or, often with ad- 
vantage, bi manually. Sir Henry Thompson proposed and prac* 
ticed digital exploration of the bladder by opening the urethra 
at or about the membranous portion and making a passage 
euflieient to admit the index finger into the bladder. While 
the operation is in itself usually a harmless one, more recent 
measures (the cystoscope) for the most part render it unneces- 
sary. Percussion over the region of the bladder reveals an area 
of more or less extended dullness, according to the degree of 
distension of tiie organ* But percussion of the bladder for 
the purpose of distiugnishing tumors of the vesical region is 
scarcely necessary, since catheterization will usually quickly 
determine if they be of %^esical origin or not, 

A very decided advance in our methods of inspecting the 
bladder has taken place since 1887, when Nitze first published 
his methods of examination of the bladder by means of electric 
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illamiiiation,' Since tlien the complete work of Feuwick on 
'* Electric Illumination of the Bladder and Urethra " (1888) and 
Kitze'a "Text-Book of Cystoscopy " (18a&) have furnished in 
detail all the techoique of this method of examination of the 
bladder. By meaiia of the cystoacope we are now able to obtain 
most complete knowledge of a large number of pathological 
conditions of the bladder. ** Its use plainly discloses ulcera- 
tions, their character and extent It enables us to see diver- 
ticula, to find and locate foreign bodies, to not only plainly see 
stones, but also to ascertain their size^ number, shnpe, character, 
aud even to percuss tbem with the instrument, the encysted 
stones no longer escaping detection. Above all, the diagnosis 
of morbid growths of the bladder by this means is rendered 
comparatively easy and sufiiciently early to render far more 
etticient their treatment,'' Certainly, no longer can a diagnosis 
of obscure disease of the bladder be considered complete without 
the use of the cystoscope. 

KXMAL HyPER^EMIA, 

Hyperflemia of the kidneys is met with in two forms ; (a) 

active or acide hyperwfnia^ consisting of active deternu tuition of 
arterial blood to the kidneys; (h) past^ive hypermmia, or venous 
stasis, consisting of a retention of venous blood in the kidneys, 
usually the result of some obstruction to the venous circulation , 
either local or generaU 

ACUTE RENAL HYPEREMIA* 

This condition inay be said to mark the initial stage of nearly 
all forms of acute nei>hriti8. It may be brought about by 
numerous causes. In the course of eruptive fevers and inflam- 
matory diseases, such as diphtheria, erysipelas, pneumonia, and 
acute rheumatism, tlie kidneys, in common with other internal 
organs, become more or less pronouncedly hyperaemic* Toxic 
influences and certain irritants are very common causes of renal 
Ijyperffiraia. If the toxin or irritant be quickly removed, the 
normal condition of the renal circulation is rapidly established 

I "Contribution to Endoccopy of tUe Male Bladder/' Arcbiv f. kiln. 
Chh-., vol mrl, p. Wl, 
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mgain; but if protracted sufficiently long, the prolonged hjper^ 
mmis. IB very apt to result in active nephritis. 

A number of substances when swallowed are capable of 
inducing active renal hypera?miii^ the best known of wbicb are 
cnnLhandes^ turpentine, tnlphuric and other mineral acids, phos< 
phoruB, cubehs, and potassium chlorate. Acute renal bvper- 
mmlii may also be induced by local auto-irritation, as in the case 
of litliuria and oxahnia when long continued* Exposure to 
cold and moisture constitutes a frequent cause of the condition 
under consideration. In tbe majority of iuch cases the hyper- 
emia subsides vrithout^ perhaps, having attracted sjiecial atten- 
tion, but sometimes it passes on into acute nephritis. In late 
stages of diabetes the kidneys naunlly become byperieroiCj and 
even albuminuria and mild grades of nephritis may also result 

The Urine. — In acute byperaemia of the kidneys the urine 
contains more or less blood, the quantity depending upon the 
degree of congestion present. In mild cases only a few scatter- 
ing corpuscles are to be seen, while in active congestion the 
urine may be very bloody. The color of the urine will depend 
mostly upon the degree of hEemorrhage. Albumin is always 
present, but usually in small amount, rarely exceeding 10 or 15 
per cent, bulk measure. The urine usually contains a few renal 
casts, mostly of the hyaline order ^ and of small size ; and free epi- 
thelium from the renal tubules may often, though not invariably, 
be observed. The quantity of urine at first is increased^ and, 
corresponding to this, tbe specific gravity is somewhat reduced, 
and tbe proportion of solids is reduced, though the absolute 
solids may be normal. The urine retains its normal acidity. 

If the congestion continue long, most of the physical char- 
acters of the urine just named are apt to become reversed. The 
sjiecifle gravity becomes increased, as do the solids, while the 
quantity becomes diminished. In some cases of acute renal 
hyperemia, especially when induced by cantharidis^ fibrinous 
congula may appear in tbe urine. 

Leading Clinical Features*— When the cause is toxic, tbe 
8ymi>toms are to be looked for in tbe resultant effects on other 
organs of the substance ingested. Locally, more or less fre- 
quency of micturition is present, sometimes with pain, urgency » 
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and perhaps vesical tenesmus. Some pain is apt to be present 
in the region of the kidneys, but, in the absence of this, some 
tenderness may usually be elicited upon deep pressure in the 
same location. In febrile forms the usual features of pj^rexia 
are to be observed, more or less marked, according to the grade 
and character of the fever present. 



PASSIVE RENAL HYPEREMIA. 

Venous stasis or passive hyperasniia of the kidneys is not at 
any time a primary renal disease, but is always secondary to 




Fio. 80.— IJRINABT Sediment in Passive Hyperemia op the Kidneys. 
(After Peyer.) 

some obstructive disease of the heart or circulatory organs. 
Mitral disease of the heart and valvular insufficiency, or stenosis, 
are the active causes of most of these cases. 

The Urine. — The quantity of the urine in uncomplicated cases 
is always diminished, and the specific gravity is increased, usu- 
ally ranging from 1.026 to 1.030. The color of the urine is dark- 
brownish red, and the chemical reaction is frankly acid. The 
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transparency of the urine is somewbat dimuilslied^ owing to tbd 
presence of undissolved urates and increase of iniK-us. Tbe 
quantity of urtc acid is relati%"ely, and sometimes abaoiutely, 
jncreagedf and free uric-acid crystals are usually to be seeu iu 
the sediment, as are the amor|>hoys urates. There is usually 
no reduction, either in the relative or absolute quantity of 
urea present. The urine usually contains a small and variable 
amount of albumin ; sometimes merely traces are present; ocua- 
stouaily, though rarely, it is absent, while sometimes it may 
reach one or two grammes per Litre ; the degree of etaeis, seem- 
ingly, does not correqiond with the degree of albuminuria* The 
sediment usually contains a few hyaline casts of small size, and, 
occasionally, scattering blood^isce or nuclei may be seen at- 
tached to these casts (Fig. 39). A few scattering blood-cor- 
puscles are usually to be seen in the sediment; occasionally this 
is considerable, although such is more rarely the case than the 
appearance of the urine would indicate, owing to the concentra- 
tion of the urine. 

Leading Clinical Symptoma.^These are very characteristic, 
and comj>iise dropsy, mostly of the feet and lower extremities; 
general cyanosis, dyspnoea, backing cough; prominence of the 
large veins, notably those of the abdomen ; weak, thready pulae, 
and cardiac lesions. 

Difereniiaiion — Venous stasis of the kidney la to be dTs- 
tinguished from interstitial nephritis by the increased volume 
of the urine in the latter disease, its low specific gravity, pale 
color, normal transparency, spare deposit; absence, as a rule, of 
blood from the deposit, and constant deficiency of urea, both 
relatively and absolutely. To these may be added, as the most 
prominent clinical features of Interstitial nephritis, a fidl, hard 
pulse, always showing increased tension; cnrdiac enlargement 
(left ventricle hypertropUied), visual disorders in late stages, 
absence of dropsy till very late, chronic iiriemic disturbanoea, 
and the habit of nocturnal micturition,— all of which are absent 
in passive renal byperaemiap 
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Acute Diffuse Nepheitis. 

This is the fl<M;alled acute Bright*8 diBease, aud is marked by 
very pronounced ajad characteristic features, cliuically as well as 
urinary. The causes include those already couwidered as provo- 
cative of acute renal hyperieiaia, any of which, if of sufficieut 
intensity or duratioti, are eapahlc of bringing on acute ditTuae 
nephritis. By the use of toxic drugs, as a matter of actuiil 
experience, acute nephritis is rarely induced, probably because 
the exciting cause is rarely prolonged sufllcientlj Lo bring about 
high grades of nephritis. Acute disuse nephrilii) is most oltuu 
met with in practice as a result of the acute infectious fevers, 
notably scarlatina, pneumonia, typiioid fever, diphtheria, relaps- 
ing fevGFj and epidemic influenza. Leas often violent exposure to 
cold and certain local affections of the skiUf including extensive 
burns, erysipelas, carbuncles, etc,, give rise to this disease* 
Lastly, pregnancy must be recognized as the causative factor of 
a very considerable number of these cases. 

Thd Urine. — In acute diffuse nephritis the urine possesses 
the following typical characteristics : The quantity is Invariably 
diminished, and sometimes extremely so. At the height of the 
disease but a few ounces of urine may be voided during the 
whole twentj'-four hours; but later on, if improvement occur, 
the quantity gradually increases until the normal volume, or 
even more, may be reached- If the quantity of urine rise above 
the normal it may be taken as an evidence that the acute char- 
acter of the disease is modified, and the tenilency is toward reso- 
lution. On the other Land the urine, at the very height of acute 
nepliritis, may become practically suppressed, and, if this con- 
tinue, death may be invariably predicted within a v^ery few daj^s. 

The specific gravity of the urine depends upon the quantity 
voided, and, as already shown, this varies with the course of the 
disease; so will this feature of the urine. In the early aud very 
acute stage of the disease the specific gravity of the urine usu- 
ally rises above norma!, often reacliing 1.025 to L030 or even 
higher. With continuance of the disease the tendency is toward 
a lowered specific gravity of the urine, corresponding with the 
Increased volume. 

The color of the urine varies considerably at different periodi 
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of the dmease,tlje variation depending in part upon the quantity 
of urine voided, and in part upon tbe qnantity of contained 
blood. Aa a rule, tbe color of tbe urine is dark, more or less 
appfoachlug cbocoiate color. Tbe transparency oi* tbe urine ia 
diniinisbed, tbe urine presenting a smoky, opaque appearance, 
in which tbe normal lustre is completely lost. A diminution of 
tbis character of the urine denotes changes tending toward reso- 
lution. The chcniical reaction of the urine, uninfluenced by 
ttiedication, is always sbarpl}' acid; but upon the use of alkaline 
salts, so much employed in treatment, tbe urine is often found 
to be alkaline. 

The gross quantity of tbe nrinary solida is diminished in 
acute nephritis, the urea suffering tbe most pronounced reduc- 
tion. The relative amount of solids varies with the volume ot 
urine excreted * so that in tbe early stage, marked by great re- 
duction in tbe volume of urine, the relative amount of solids 
may be normal or above. It la important to make the distinction 
here, however, that the gross soiids for twenty-four hours are 
always reduced. Upon convalescence the gross solids are in- 
creased, especially t!ie urea and chlorides, which were merely 
held back. At the height of the disease the urea is often re- 
duced to 100 grains or even less for twenty-four hours. The 
urine contains albumin in variable, but always large amount in 
acute nephritis. It may reach as high as 2 per cent, or even 
more by actual weight; so that upon coagulation it nearly fills 
tbe test-tube. More frequently, however, the range is in the 
vicinity of | to 1 per cent., — 5 to 10 grammes per litre (Eshach^s 
metliod). A few cases of acute nephritis following scarlatina 
are recorded, in which the urine was free from albumin. It is, 
however, rare in such cases that albuminuria is absent through^ 
out the whole course of the disease ; more oflen it is of sudden 
onset at some stage, and occasionally it has been observed in 
intermittent form. 

The degree of albuminuria is considered to mark the degree 
and course of actite nepliritis toward a favorable or uo favorable 
termination; aud while the degree of albuminuria can rarely be 
taken aa a safe guide in this direction in general, it may be more 
depended upon as such in this special form of nephritia than 
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perbaps iti an}^ otlier form of renal disease. Ou tbe Trhole^ a 
contiDuous dimiimtioi] in tbe quantity of albumin in tbe urine 
in acute fiepbritis may be accepted as evidence of progrese 
toward resolution. 

TUe presence of blood in tlie urine umy be regarded as one 
of the essential features of this disease, tlaougb varying greatly 
in amount in diflerent cases as well as at difTerent periods in 
the same case. Fluctuations are frequent during tbe course of 
tbe disease, and, indeed^ the blood may alternately appear and 
disappear. Hiematuria is developed eurly, being in most cases 
among the first symptoms noticed ^ while it usually subsides 
much earlier than does albuminuria. The quantity of blood 
lost in the average case of acute nephritis is very considerable 
if the disease continue long; this is partly evident by the in- 
creasing pallor of these subjects. Hfematuria may be regai-ded 
AS a valuable prognostic indication in this disease, being rarely 
absent in severe cases; its appearance marks^ with earl}* and great 
certainty, relapses of the acute process, when previous progrees 
wns favorable. 

The urinary sediment in acute diffuse nephritis is large in 
quantity, usually brownish in color from admixture with blood, 
urates, and coloring matters. Microscopical investigation of the 
sediment discloses tbe presence of red blood-corpuscles in larger 
or smaller numliers. These are somewhat altered, and appear 
** wmhed out^^ and ragged, unless in cases of marked hicmor- 
rhage, when they present more nearly their normal appearance. 
Some pus-corpuscles are to be noted in the field, but rarely in 
any considerable number. Cellular forms are characteristic of 
this deposit; mostly small, round, uninuclear cells from the renal 
tulvules, which may be present in great numbers; while less 
numerous are the narrow^pointed, small-tailed cells from the 
renal pelvis. The epithelium is well preserved, and afibrds char- 
acteristic pictures of these structures under the microscope, 
Kenal easts arc present in large numbers, and may have attached 
to tbem (a) blood -corpuscles, (6) leucocytes^ fc) renal epithelium 
(Fig. 40). The above varieties of casts are characteristic of tbe 
beginning of acute nephritis, or the disease at its height ; but 
tbey are subject to alterations in character as the disease con- 
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tin lies some time. Witb advancmg cbangea consequent to 

the disease, lUsorganization of the epitbeliuio oQcars^ and we 
rtiui the mutamarphosad casts, such as the dark, grauulnr, 
and broad, hyaline ones, with more or leas organic molecular 
debt is. With advance toward resohition the quantity of sedi- 
ment dirainishea and tlie casts become leas and less niimerons* 
As already noted, the uric acid of the urine is increased in acute 
nephritis, the cblondes are diiDinislied, and hi very acute cases 
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the latter may disappear altogether. When advancing toward 
recovery the volume of urine increases, and with this diureaii 
the chlorides and urea become markedly inci"eased, having been 
held back by defective eliminative power o' the kidney during 
the height of the disease. 

Leading Clinical Feature^*— The most prominent clinical 
fcfitnres of typicnl acute diffuse nephritis are as follow ; Dropsy, 
which is always present, and of a general chRtacter, involving 
the face, Uauda, feet, and cellitlar tissues in geueral. A very 
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noticeable pallor steals over the patient, though kas prominent 
tUaii in the chronic form of the disease. The teiDpeniture risee 
to 100° or 102"^ F.,aiid the pnUe is over 100, full, resisting, and 
Diarked by increased tension, Ileadaehe is present^ often severe, 
j>ersistent,and roost often frontal. Nausea is frequent and often 
attended by vomiting. Acute ur^msa is common, often mani- 
feate<l by acute visual disorders, atupor, temporary paralysis, and 
sometimes convulsions. The appetite is abolished, tliirst is 
prominent, aiui there is dull, aching pain or stiffness felt in the 
loirm and tenderness upon deep pressure in the renal region. 

Cqeonic Difi-ubb Nepheitis. 

This disease may be a sequel of the acute nephritis just con- 
sidered » but more often it develops insidiously from the begin- 
ning. It is more apt to result from the acute form when the 
latter is the outgrowth of scarlatinaj pneumonia, diphtheria, or 
some of the acute infections fevers* The student is advised to 
make a most careful differential study of this disease, more espe- 
cially with regard to amj^loid disease of the kidney, with which 
it has since the days of Bright himself been frequently con- 
founded, with disastrous results to the treatment, aiuce they are 
almost diametrically opposite in character. 

The Urine. — The quantity of urine, as a rule, is diminished 
in progressive chronic diffuse nepliritis. Although no such 
marked reduction occurs as in acute nephritis, yet a reduction 
of 40 or 50 per cent, of the normal volume is not nncommon. 
The fluctuations of tbe daily quantity are marked, more so than 
in the acute disease. In the late stages the volume of urine in- 
creases, and in chronic cases tending toward secondary contrac- 
tion of the kidney the quantity of urine often exceeds the normal 
amount* This is because interstitial changes have been aet up 
and the symptoms tend to conform to tbe interstitial variety of 
nephritis. The specific gravity of the urine is below normal. 
In cases marked by unusual reduction In the quantity of nrine, 
the specific gravity may rise above normal. This, however, is 
unusual, and results from concentration of tbe urine. With 
a normal volume of urine^ and often much less, the specific 
gravity rules below 1.020, and in late stages tending toward renal 
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contractioa the specific gravity of the urine often sioke to 1010 
or below. 

The color of the urine varies from pale lemon to dark brown, 
more often approacbing the former than the latter color The 
tiritie ie always cloudy, the more so ae the quantity is diminished. 
When the volume of nrine is nearly normal the color is often 
very light, but the transparency is always diminished more ur 
leas^ the appearance of the urjue being of a hazy, dirty character 
This depends upon the invariable presence in the urine of a large 
amount of sediment, consisting of epithelium, renal casts, pus- 
corpuscles^ and molecular matter. 

The urine always contains albumin, and usually in large 
quantities. In fact, albuminuria may be said to reach its max- 
imum as a symptom in this form of disease, often reaching as 
high as 3 or even 4 per cent, by actual weight In such casBS 
coagulation becomes so pronounced with reagents that an accu^ 
rate estimate of the quantity by bulk measurement can only be 
made by largely diluting the urine previous to testing. While 
the average quantity of albumin in the urine in this disease, 
therefore, ranges very highj it fluctuates markedly in diifereut 
canes as well as in the same case from time to time. It would 
seem to maintain a fairly constant ratio to the specific gravity of 
tlie urine in most individual cases ; more especially so when the 
changes in the specific gravity are sudden, or are observed over 
short periods of time. Thus, if the specific gravity of the urine 
be L014 one day^ while the next day it rises to 1,018, a decided 
increase in the amount of the albumin is sure to be noted. These 
clianges, however^ are only relative; the absolute loss of albumin 
for twenty-four hours remains pretty uniform over short periods 
of^say^— a few days. Any decided increase in the absolute 
quantity of albumin in these cases indicates an extension or 
aggravation of the disease. In cases characterized by great 
chronicity, more especially in those cases tending toward con- 
traction of the kidneys, the quantity of albumin in the urine 
often becomes reduced both relatively and absolutely. 

The solids of the urine suflfer more or less reduction In this 
disease^ urea and the chlorides most notably so* Occasionally, 
when dropsy is subsiding under diaphoretic measures, there may 
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be ft temporary increase of the soUcIa of tlie urine, egpecially 
that of urea, which mfiy even exceed the normal. This^ however, 
is of brief diiratiun, and, aller a tiuje, falls back agfaiii lielow the 
normal stamlard. 

The urinary sediment furnishes the key to the clmgtiosis of 
this disease. As already tUUed, the sediment is relatively large 
in quantity and consi^^ts of eustB, white blood^orpuscles, epi- 
ihellutn^aud cellular remnants. The casts are numerous and of 
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nearly all known varieties, but the most distinctive ones are the 
dark granulur^ broad hyaline^ and more espechiHy tite so-called 
fmity casts (Fig. 41). In the more recent cases the casta may be 
less numerous^ and, as a rule, the hyaline, slightly dotted, or 
faintly granular ones, as well as those dotted with eeU- fragments^ 
predominate. The longer the disease continues, the more nu- 
merous the casts become, and, moreover, the more predominant 
become the dark granular casts, the broad casta from the large, 
straight tubes, and the casts with fat-dropleta attached to them. 

IS 
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The fatty casts may almost be said to be characteristic of tbVfl 
eonditioti. Red blood-corpuscles are rarely met with in this 
leiioo, perhaps only in cases which have recently sprung from 
the acute form of nephritis. On the other hand, leucocytes are 
always to be found in larger or smaLler numbers, A very 
marked sediment of granular dSbris is observed in this Lesion^ 
consisting of broken*down cellular elements. 

Epithelial cells from the renal tubules are to be found| some- 
times in numbers. They are less perfectly preserved than in 
the acute lesion, disorganization of structure being everywhere 
apparent. 

Leading Clinical Features. — The leading clinical features of 
chronic diifuse nephritis are briefly and coDcisely the following: 
First and most prominently dropsy, which is progressive, obsti* 
nate, general, and sooner or later extreme, — involving the cel- 
lular tissues and ultiraatelj' the serous cavities. Anaemia is no 
less marked and striking, palpable in the pallid, puffy face and 
dough4ike extremities and body, and pale mucous surHiees 
wherever visible. Debility is prominent and progressive; these 
patients being feeble and helpless^ often bedridden* Emaciation 
is progressive, but masked by the dropsy. The appetite and 
digestion fail, owing to the charged condition of the blood with 
effete products whiuh the kidneys fail to eliminate. Uremia, 
when present, is of the less active or chronic order, coma and 
convulsions being rare, except at the close or the result of acute 
complications. 

CHBomo Interstitjai. NiPttBiTrs. 

tJnder the above head will now be considered the diagnostic 
features of those usually slowly -advancing chronic processes, 
which ultimately terminate in granuUr contraction or atrophy 
of the kidneys, known as renal cirrhosis or chronic Bright^s dis- 
ease* Many of the early writers seem to have confounded this 
lesion with diffuse nephritis, at feast so far as to consider it the 
outgrowth of that primary lesion. We now know that while 
renal contraction is soraetimes the result of long-continued dif- 
fuse nephritis, yet the overwhelming majority of cases begin not 
only independently of that lesion, but are essentially interstitial 
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ftnd atrophic processes from the beginning, and, moreover, are 
tbe outgrowth of totally-opposite ooudifcions of the system and 
habits of life from those in chronic diffuse nephritis. The pre- 
viously robust, hearty, and overnourished are almost invariably 
tbe subjects of the interstitial lesion j while, for the most part, 
the Oijposite class of people are more commonly the subjects of 
the other-named lesion. 

It may be premised that primary interstitial nephritis is one 
of the most stealthy and insidious of all diseases in its manner of 
approach, giving rise to few, if any, noticeable symptoms until 
in progress for a number of yearB,--often ten to iafteen. The 
lesions, though wide-spread, including the heart and arterial 
system, are yet almost imperceptible in their manifestations in 
the early stages; at the same time they are slowly progressive 
and permanent in character. NotwitJistanding all tliis, with due 
care and minute scrutiny of all the surrounding features of the 
case, interstitial Jiephritis may always be diagnosticated, however 
early and slight the lesion, if only attention be called to the 
matter; and the method of compassing this will now be con- 
sidered. 

In the study of interstitial coutmcting kidney it should be 
borne in mind that, as a rule, it is accompanied by a progressive 
hypertrophy of the left ventricle of the heart in at least 80 per 
cent, of the cases. While the cardiac hypertrophy is in progress, 
the symptoms, both urinary and general, are pretty uniform and 
invariable. If the patient survive sufficiently long, however, the 
hypertrophied heart undergoes degenerative changes, and with 
the eonsefjueut heart-fiiilure many of the chamcters of the urine, 
as well as the general symptoms, change completely* If this 
fact be kept in mind it will serve to prevent the confusion so 
apt to arise in consequence of the variability of the symptoms 
in diJTercnt cases, as well as in the same case at different periods 
of the disease. 

The Urine. — In typical interstitial nepliritis the urine is 
increased in quantity, is slightly paler than normal in color, 
perfectly transparent, rather sharply acid in reaction, and tbe 
specific gravity somewhat below the normal range* Albumin is 
usually present in small quantity; only a few scattering easts 
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are present, and theic are of the narrow^ perfectly byaline order; 

renal epithelium Rful cellular elements are rarely observable, but 
uric-a€id attci talcitim-oialate crystals are often to be seen under 
the inicroscot>e, TUe tililorides of the urine are nearly normal 
in qurmtity, the urea more or less deficient, and the phosphates 
are reduced considerably. 

A more minute analysis of these features shows tlie following 
characters: The quantity of urine is usually increased from the 
beginning. This polj^uria is niaintained uniformly and pro- 
gressively until a comparatively late period of the disease, when 
beart-failnre sets in and the volume of urine often then sinks 
below normal ; nor can it in such cases again be maintained reg- 
uhirly up to the normiil standard during the remainder of the 
patient's life* The Bpecific gravity of the urine becomes pro- 
gressively lowered; in the beginning a falling off of but two or 
three points is usual j later on the reduction is more marked, 
though it never descends as low as in chronic diffuse nephritis 
or amyloid disease, but in pronounced cases it ranges between 
1.010 and 1,016. With bearUfaiUire and consequent diminution 
of the volume of urine the specific gravity rises somewhat^ and 
may even approach again the normal standard, after having 
remained for years constantly reduced. 

While albuminuria is the rule in this lesion, many ex- 
ceptions have been noted. The exceptions are often apparent 
rather than real, because albuminuria of interstitial nephritis is 
notoriously intermittent in character, sometimes disappearing 
for days and weeks, to return again and again ^ regardless of the 
stage of the disease. It is probable that if these so-called non- 
albuminuric cases were kept under constant observation albumin 
would be found in tlie urine in many of them some time during 
the course of the disease. This has been the experience of the 
author, although he has met with a few cases in which the urine 
was absolutely free from albumin throughout. So long as Inter- 
stitial nephritis remains uncomplicated the quantity of albumin 
in the urine i% invariably small, usually ranging below 10 per 
cent, volumetric measurement by the author's centrifugat method. 
General or local disturbances, such as ^^ catching coM," mild febrile 
attacks f etc., quickly increase the albuminuria. In late stages 
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of this lesion aBSOciatecl with cardiac failure album iiiuna becomee 
augmented couaiderubly , the qimutitj of albiimiu may reach Trom 
30 to 40 per t^uL bulk measure* lu no caaCj however, does 
albumin uria approach the extreme grade in this lesion tbat it 
does either in acute or chronic diffuse nephritia* 

Both tbe relative and absolute amount of urea in the nriue 
begin to suffer reduction from the beginning. At first it la 
slight, but as the disease advances it becomes a constant and, in 
many cases, a marked feature. Jt is not at all uncommon ^ in ikI- 
vaueed interstitial nephritis, to note a reduction of tLe absolute 
amount of urea of from 50 to 75 per cent. More or less reduc- 
tion \s also to be noted of tbe quantity of all tbe urinary solids ^ 
the cblorides sufiering the least reduction and tbe phosphates 
most. With regard to tbe phosphates in particular, a dimiuu^ 
tion in quantity of the phosphates in the urine may be regarded 
almost as constant a feature of this lesion as tbe presence of 
albumin. 

Casts from the renal tubules are probably always present in 
tbe urine in this lesion, but they are rarely numerous, some- 
times extremely sparse and difllcult to find. This ia due to 
tbe fact that they are of such delicate, hyaline, non-refracting 
character that tbe most careful search is necessary to detect 
them ; besides, their small numbers, rendered still more sparse by 
the accompany i tig pol^^uria, it often becomes necessary to con- 
centrate the sediment in order to fiud tbem. As tlie disease 
advances tbe casts become more numerous, and often they sliow 
fine granulations; they are largely of the narrow hyaline and 
granular orders. 

The crystalline deposit in the urine in this lesion consists 
chiefly of uric acid and calcium oxalate, both of which are often 
to h€ noted together. For the most part these deposits are 
noticeable in the early stages of tbe disease. The uric acid is 
precipitated chiefly in consequence of the diminished pigmen- 
tat ion of the urine in this lesion, rather tlmn in consequence of 
the excess of the former. The oxalic deposit occurs most often 
in gouty subjects* 

On tbe whole, the urinary sediment in this lesion is remark- 
ably small in quantity and pi-actically free from cellular elements, 
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iave tlioae that are commoti to Qoniial tiritie. It is not uuugii&l 
to find, even upon Btamliiig twenty-rour hours, or ceutrifugfttioa 
of tbe uriue, little or no Bedimeut noticeable to the uukud eje. 
Towai'd tlie teriuiuation of the disease, however^ a sediment is usu- 
ally noticeable, in conaequeuce partiy of the more eoneenttated 
state of the urine, as well as the wider ex tension of the lesion. 

Inten^titial uepliritls renders the kidneys extremely proue to 
take ou subacute or even acute attacks uf nephritis upon expo- 
sure to certain causes, especially that of cold and febrile or 
tuflammatory diseases. lu such cases the quantity of albumin 
in the urine becomes markedly increased , the volume of urine 
diminished, and the sediment becomes more pronouuced and 
approaches J in iti special features, those of acute nephritis 
already described. In such cases it is necessary, in addition to 
the urinary examination, to carefully regard the history and 
general clinical features of the case, in order to diagnosticate 
the true conditions present. 

Leading Clinical Features, — In typical oLses of chronic 
inters^titial nephritis we may look for the following clinical 
features : Tlie patient habitually rises at night once, twice, or 
oftener to void urine which, to the eye, ap|>ears normal in its 
transparency and nearly so in color. The pulse is ahvays full, 
hard, and resihtiug to the finger, and marked by decided tension 
as measured by the sphygmograph. The second cardiac sound, 
as lieard best in the second right intercostal space, within an 

inch and a half of tlie sternum, is always distinctly accented, 

sharper and louder than normah In most cases — at least 80 per 
cent. — ttie normal area of cardiac dullness is more or less ex- 
tended below and to the left, and, in many cases, notably if the 
lesion be advanced, this feature is very prominent. Disorders 
of vision are common some time during the course of this 
lesion, not very frequently early, but almost certain In late stages. 
UriBEnie disorders are encountered during tlie course of tlie 
disease in some of ti»e following forms: Mild post-eervienl 
neuralgia la very common^ almost characteristle ; diarrhceal 
attacks, which mark eliminatire efforts of the system vicariously ; 
dyspncea, which often appears of an asthmatic type; drowsiness, 
coma, and sometimes convulsions, 
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Attacks of branch] tie are eomnion and difficult to get rid 
of; winter cough of the aged frequently owes its origin to this 
cause. Acute infiammations of the pleura^ lungs ^ or peritoneum 
are prone to be suddenly kindled and run a fatal course. Dropsy 
is absent, save in advanced cases, and then it is due rather to 
the cardiac failure than to the renal lesion. 

The early diagnosis rests upon the following points t A 
previous condition of robust health is usual ; age, over 40 y^ears j 
patient rises habitually at nigbt to void urine of normal appear* 
ance ; tlie pulse is full and hard (never weak) ; the second sound 
of the heart is abnormally loud ; the urine is deficient in urea; 
small quantities of albumin are usually present, and hyaline 
casts are to be observed under the microscope if the sediment 
be concentrated. 

The diagnosis of the advanced lesion can scarcely be over- 
looked by the most superficial observer. The plainly-observable 
hypertrophy of the heart; the presence of ursemic disorders, as 
headache, dyspnoea^ visual defects^ dianhoeal attacks, and per- 
haps drowsiness at times; together with certain changes iu the 
nrine, notably albuminuria, deficiency of urea, the presence of 
casts of the hyaline and granular order almost exclusively, serve 
both to call attention to the disease and mark Its special char- 
acter. 

Interstitial contracting kidney in many of its features is not 
unlike passive by periemia of the organs. The diflerential features 
of the two have already been noted in connection with the de- 
scription of the latter* (See page 213.) 



Amyloid Disease of the Kidnet. 
Amyloid change in the kidney is a local manifestation of a 
general constitutional defect ; moreover, this lesion is seldom 
confined to the kidneys, but nearly always involves the liver, 
spleen, and gastro-iutestinal tract. Amyloid, or, as it U some- 
times termed, waxy degeneration, is essentially the outgrowth 
of a cachectic condition of the system, and most often follows 
in the wake of syphilis, chronic suppurative processes, such as 
abscesses, extensive ulcerations, or necrosis. Tuberculosis is 
f^quently traceable in the family history of these cases. 
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The cbangea io tlie kidneys in amjloid disease are verj 
marked, and give rise to a very pronounced train of eymptoms; 
tlie latter, upon superficial examination, migbt be mistaken for 
those of chronic diffuse nephritis. Both tbe lesions and syni[> 
toms, however, are essentiuily and widely d life rent in character, 
Tbe autbor desires to emphasize m tbe strongest possible manner 
the iniportance, therefore, of cavefully distinguisbing these two 
renal lesions, since over and over again be has been a witness to 
the melancholy results of sucb error- Repeatedly have these ca* 
DhectiCj iiUiourished siilijects come under his observation in the 
last stages of the disease, who had long been consigned to the 
starvation process of a *' milk diet,^^ under tbe impression that 
tbeir albuminuria was tbe result of nephritis. 

The Urine*— The eljaracteristic features of tbe urine in typical 
amyloid lesions of the kidneys are coneisety as follow: Tbe 
volume of urine is above normal , the color lighter tban usual ; 
the transparency is unchanged, tbe specific gravity is low, albu- 
iDin Is present in marked quantity, and the sediment is very 
ftlight in quantity, contnining little or no cellular elements ; and 
but a moderate number of casts are present, most of which are 
of medium size and broad, hyaline orders. 

Before considering more minutely these features of tbe urine 
it may be premised that tbe characters of the urine in tbis 
lesion of the kidney are exceedingly apt to fluctuate rather 
widely in diderent eases; but, notwithstanding tbis fact, well- 
marked diagnostic characteristics are not difficult to trace 
throughout the progress of tbe disease in most if not, indeed^ 
in all cases. 

Tbe quantity of urine in amyloid lesions of the kidneys rules 
alMJve normal from the beginning, and in most cases the increase 
is decided* The volume of urine is subject to temporary periods 
of falling olT, and at sucb periods it may fall below tbe nortoid 
standard. These periods of temporary reduction in the voUaue 
of urine may often be accompanied by corresponding attacks of 
dlarrhcea. The specific gravity of tbe urine is pretty uniformly 
reduced in marked cases, ranging from LCf(J8 to L014* Sometimes, 
however, even in cases attended by a marked degree of albu- 
minuria, the specific gravity ranges as high as K016 to 1,018, and 
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in such cases the prognosis is mom favorable. Iti fact^ the few 
cases of ultimate recovery from this disease observed by tlie 
author bave, without exception ^ been cases atteudetl by a com- 
paratively high range of specific gravity of the urine. Cases, on 
the other hand, are not infrequently met with in which the specific 
gravity of the urine sinks remarkably low, p<jrbaps lower than 
m any other form of renal lesion,— lOOa and even 1004, Such 




Fio. «,— Waxy Casts in Urinb or AinfLoit> DraEASK of thm Sibitit, 
{Atttr Pfsyer.) 

features are, however, only met with in very late stages, and are 
usuaiiy associated with marked polyuria. 

The presence of albumin in the urine may be regarded as an 
essential feature of amyloid lesions of the kidneys. The urine 
not only always contains albumin in tbis lesion, but the albumin 
is present in considerable^ often in large, amount. The usual 
range is about 4 to 1 grammes per litre (Esbacb's method), tbough 
it is not uncommon for it to rise to double tUat amount. The 
course of albuminuria in amyloid lesions of the kidney is quite 
variable as to quantity; in tbe early stages it may be aligbt, 
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though subject to sudden increase, and with the advent of poly- 
uria maj again fall off. The urine always contains globulin in 
this lesion, often in larger quantity tban tbnt of serum^albumin. 

Some reduction of the urinary solids is usually to he noted 
in this lesion. The nrea is sliglitly below the normal standardj 
probably due chiefly to the lowered state of general nutrition, 
rather than to the influence of the lesions over the function of 
the kidneys, since uraemia is rare in uncomplicated amyloid 
kidneys. 

The casts are subject to some variation in number and variety. 
With tbe polyuria the casts are often very scarce and almost 
exclusively of the hyaline order. On the other hand, when casts 
are comparatively numerous, so-called waxy, yellowii^h, refracting 
casts may be present ^ and occasionally dark, granular ones. Tbe 
chief distinctive feature about most of the renal casts met with 
in this lesion is their comparatively large size and hyaline char- 
acter. 

The urinary sediment Is comparatively small in quantity in 
this lesion, in fact nn noticeable , as a rule^ to the naked eye, and 
it Is pnictic^Uy devoid of cellular elements throughout if the 
disease remain uncomplicated. 

Leading CUnioal Features. — Amyloid lesions of the kidneys 
appear in tlie wake of tUe so-called waiting diseases, or are often 
preceded by sypbilis or some exhau sting supjnirative process. 
These patients appear unhealtliy and plainly cachectic, except 
in a few syphilitic cases. The skin assumes a sallow or bronze- 
like tint^ the tongue is nearly always heavily coated, dysi^epsia 
is proininentj and diarrho^al attacks are common. Dropsy is 
present in most cases, but exceptionally it may be abs^ent until 
late. Uraemia is exceedingly rare. The liver and spleen become 
enlarged some time during the course of the disease in the ma- 
jority of cases. Tliese patients are weakly, aniemic, and en- 
feebled, with small, thready pulse and cold extremities; but 
the predominant features throughout are the disorders of the 
stomach and bowels ; dyspepsia or dtarrhcBa or both demand 
almost constant attention as tlic disease becomes advanced. 

The distinction between amyloid disease of the kidneys and 
chronic diflf^se nephritis hinges upon the following points; Id 
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nephritie the tirinary sediment is large in quantity, and containi 
a large number of castSj tucladiug epithelial, dark granular, and 
fatty easts, as well as those with fragmentary cellulHr elements 
at tacli ed . Le uco cy t e s , c e 1 1 u 1 ar e le m e n ts , a n d gran u I ar debris a re 
prominent features of the sediment. Dyspepsia and diarrb<Ba 
are not especially prominent features, nor is cachexia a common 
accompaoiment* The liver and spleen are not enlarged, but 
anicuiia is very pronounced. In amyloid disease the reverse of 
the above features prevail 

Cystic Disease of the Kibney, 

This disease is met with in two forois : (a) As a congenital 
obstructive disease, usually associated with absence of the ureter, 
or other malformation interfering with escape of urine. (6) As 
a disease of adult life, and independent of the congenital form; 
and in many of Its features allied to chronic interstitial nephritis, 
—indeed, by some authors considered a form of the latter. 

Practically, the latter form only possesses a clinical interest 
to physicians, and to this form the following considerationa 
apply :_ 

It is not uncommon to find cysts of considerable size in 
chronic contracting kidney as the result of dsstal constriction 
of the uriniferous tubes, which result iu proximate dilatation by 
the urine* In the disease under consideration, however, the 
cystic formation, though undoubtedly the same in origin (tubular 
dilatations), yet it so greatly exceeds all other changes in the 
kidney that the organ increases in bulk sufHeiently to entitle it 
to rank among abdominal tumors. The slmi>e of the kidney is, 
in the main, retained, and the weight of the organ may reach 
from 2 to 16 pounds. The disease is almost uniformly bilateral 
Dickinson noted but 1 case out of 26 in which the disease was 
ConHned to one kidney. Both the medulla and cortex of the 
organ are replaced by cysts varying in size from a pin-point 
to the size of grapes or walnuts, the larger ones being usually in 
the centre of the organ. They contain fluids which vary in 
color, some being pale straw-colored, dee p-yel low isb, purple, or 
bloody. In consistence the contents of the cysts may be serous, 
Tiflcid, syrupy, caseous or almost solid, consisting of fat mole- 
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culcs, epitljeHtinij crystals of cljok-steiiti, uric ficitl^ and triple 
plio.s[iliutes. TLe cysU do not inttroumrauiiicate or ti-rmimittj 
with tlie I urge couduutiiig tubes^ calycfis^ or rejinl pelvis^ but arc 
esseritiiiUy cloat-d cavities. 

The Urine. — This somewhat resembles tlie urine in chronic 
interstitial nephritis. In typical cases the urine is albuminous, 
tiiQ qtiantity of albumin varying from 5 to 30 per cent, bulk 
measure. The urine is pale in color when free from blood; of 
low speciac gravity, varying from 1,010 to 1,015, though it has 
been noted s.^ low as L005, Keunl casts are usually found, nearly 
always of the granular order and large size. The urine contains 
blood at intervals, and sometimes in large quantities. In one of 
the an thorns cases the lisematnria was so severe and persistent for 
months that the patient became blanched ami anaemic to an ex- 
treme degree, notwithstanding absolute rest in bed and the nee 
of styptics. 

Hfematuria largely contributes toward exhaustion in many 
of these cases. lu most cases pus is present in the urine In 
moderate amount Ti»e qtmntlty of urea is markedly rctluced, 
both relatively and absolutely. The phosphates are sometimes 
increased in qimntity, which is rarely the ease in interstitial 
nephritis. The chlorides and suli^hates sutler but little cljange. 
Triple- phosphate crystals are frequently noted in the sediment, 
notably in late stages of the lesion, when, as is usual, more or 
less cystitis is present. 

Clinical Featuret.— Tlie moat prominent clinical features of 
the disease, aside from the urine, are enlargement of the left 
ventricle of the heart, without valvular disease, and increased 
arterial tension, as shown by the 8phygmograi>h. The skin is 
pale and sallow, and cachexia is apparent The patients are 
always adults^ mostly between the ages of 45 and 60 years. 
Hiumaturia is prominent, recurrent, obstinate in character, and 
oiten pro fuse. There is usual I j- tumor in renal region ; bilateral, 
tlioiigh often unequal in size; soft, but non-fluctuant, and pre- 
serving the shape of the kidney. In late stages of the lesion 
tliere are nausea, vomiting, headaches, fiuppres'<ion of the urine, 
coma or convulsions, the latter being the most frequent cause 
of death. Less frequently death results from exhaustion (through 
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renal bseraorrhage), bronchitis, pneumonia, or pulmonnr}' oedema 
attende<l by severe dyspncE.i. 

Cystic disease of the kidney is distinguislied from clironic 
interstitial nephritis by the non-fluctuant swelling in the sides, 
the recurrent and often severe hspmaturia, and the sallow, 
cacliectic appearance of the patient. From cancer it is distin- 
guished by the absence of pain and slower progress in cystic 
disease. In cancer there is rapid growth of the tumor, which is 
of nodular outline and unequal resistance. The age, in cancer, 
is usually cither under 5 years or over 50, while in cystic kidney 
the most common age is from 40 to 55. Finally, the aspirating 
needle will determine if the tumor be cystic or of solid growth. 



SECTION XI. 

DISEASES OF THE URINARY ORGANS, AND URINARY 
DISORDERS {Continued), 

Renal Tuberculosis. 

In the light of recent facts and investigations, tuberculosis 
of the gen i to-urinary tract, through hetero-in feet ion, must be 
considered rare, if indeed possible. Certainly, so far as the 
kidneys are concerned, it seems out of the question. While 
careless or unclean catheterization may cause infection of the 
prostate, involving the vesicula and extending to the epididymis, 
the anatomy of the urethra and the fact that tubercle bacilli do 
not multiply in the urine or possess in themselves any degree 
of motor power negative the view heretofore held by some, that 
infection may occur through coitus, or the infection reach the 
kidneys or upper urinary tract through the urine. 

Tuberculosis of the kidney occurs in two distinct forms : 
(a) acute miliary tuberculosis and (6) local caseating tuberculosis 
or ^^ scrofulous kidney, ^^ The miliary form is mostly met with 
in children under 10 years of age. It is pretty uniformly bilat- 
eral, although the organs often differ in degree of infiltration. 

The caseating or scrofulous kidney is most frequent in young 
and middle adult life, although it may be met with late in life, 
and it is rare under 10 years of age. Scrofulous kidney is nearly 
as often unilateral as it is bilateral. Of the two forms of renal 
tuberculosis the miliary form is about twice as frequently met 
with as is the caseating or scrofulous kidney. Miliary tubercu- 
losis is always associated with tuberculosis in other parts of the 
organism, most often phthisis pul m on al is, tubercular meningitis, 
and tabes mesenterica. This form rarely gives rise to distinct- 
ive symptoms, being merged for the most part into general 
tuberculosis, and, therefore, scrofulous kidney only deserves 
special consideration in this connection. 

Chronic localized tuberculosis of the kidney, renal phthisis, 
tubercular pyelitis, tuberculous pyelonephritis, or scrofalous 
(294) 
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kidney, as it is severally kriowu, begins asually at the papillary 
apicea, in llie calyces, or renal pelvis, and lioiii thence by tlie 
bluutl* and lymph- cbannels it extends to the kidney proper* De- 
posits of cheesy mattt^r iufiltiate the renal papillae , and in the 
course of a few weeks these form irregular, softened areas, which 
by progressive iuQltratlou spread deeply inward, involving the 
parenchyma of the kidney. The organ liecomeSjin consetjutjnce, 
enlarged and lobalatud. The renal pelvis and ureter, on the 
other hand, become contracted in consequence of thicken in|^ of 
the mucosa, and later on the ureter often becomes choked or 
blocked by softened and eastions masses detached from ulcerated 
caseuting surfaces above. At the same time the tubercular 
nodules within the kidney, after reaching considerable size, 
undergo necrotic changes and break down, forming irregular, 
rudely*g lobular cavities. These, as they enlarge, become pyrU 
form in shape and extend utttil they coalesce, and at length the 
whole medulla and moat of the cortex become involved. The 
destructive process continuing, the contents of the renal cavities 
at length burst into the renal pelvis and the whole organ becomes 
practicaUy an abei^css-cavity< If the ureter be pervious the 
urine washes down the debris^ which presents characteristics soon 
to b€ considered in detail. Should the ureter, however, become 
permanently blocked, dilatation and sacculation of the kidney 
result, ^ — practically a tubercular pyonephrosis. In case one 
kidney remain un involved the diseased organ either becomes an 
hydronephrotie cyst or a sbrnuken, ** putty -like " mass | in both 
cases little, if any, of the secreting tisane proper can ultimately 
be fonnd< The disease is usually a chronic one in character, and 
during its course neighboring organs are often involved by direct 
extension through the capsule of the kidney , more especially the 
liver and spleen. 

The Urine. — Polyuria from tubercular irritation is probably 
the earliest urinary change. The quantity of urine is increased 
and the calls to micturate are more frequent than normal. Traces 
of albumin and a few blood-corpuscles are usually to l)e fouiul 
also before destructive ulceration sets im The urine is usually 
pale and murky in a[ipearance, of somewhat lowered specific 
gravity^ and of ftcid reaction. 
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When ulcerative changes set in the urine presents the follow- 
ing changes more or less marked, according to the degree of 
degeneration in progress. The urine is of a pale, milky color, 
the transparency is diminished, the specific gravity is below 
normal, and the reaction is, as a rule, alkaline. The urine con- 
tains pus in gradually-increasing quantity. The pus is less 
variable in quantity from day to day (unless the ureter becomes 
blocked) than in most other forms of pyuria. The pus imparts to 
the urine a more or less pronounced milky ap()earance, which 
does not completely subside as in most other conditions of 
pyuria, but much of the pus remains in suspension even after 
long standing; this is very significant of renal tuberculosis. 
The urine contains blood in rather more than 25 per cent, of the 
cases. If the blood come from the renal pelvis it is usually 
small in quantity, often unapprecinble to the naked eye. Some, 
times very marked haematuria occurs, usually at intervals; and 
this denotes ulcerative changes within the renal parenchyma. 
As the disease becomes advanced the urine usually becomes 
ammoniacal and markedly offensive, contains ropy mucus, and 
deposits triple phosphates, small caseous masses, and renal 
debris. The urine is albuminous, sometimes highly so; always 
in excess of the ratio, due to contained pus and blood. 

The bacillus tuberculosis of Koch is present in the urine in 
most cases after necrotic changes set in, and its discovery is 
diagnostic. The tubercle bacillus can often be demonstrated in 
the urine by the methods already considered, though this is by 
no means so easy as in the sputum, owing to the fact that they 
are relatively few and scattered in the average sample of urine. 
It is safer, therefore, when suspected, but not found by direct 
examination, to resort to cultures in gelatin after the usual 
manner and the inoculation of animals. 

Leading Clinical Features. — The leading clinical features of 
renal tuberculosis are concisely as follow : Polyuria and dysuria, 
the latter prominent and progressive. The bladder will not 
tolerate the urine, and is only free from pain or distress wuen 
empty. Pain begins about the middle of the act of micturition 
and continues to the close, but, as a rule, not after. Some pain 
is usual in the renal region, accompanied by tenderness upon 
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de€p pressure. The evening teuiperature is uBually from 2 to 4 
degrees higher than normal, or souietimes periodB of fever occur, 
lasting for aeveml days, followed by periodi of reiniflsion. These 
patients suffer from profuse night-sweats, loss of appetite, de- 
Lilitjj aud emaciation in the course of the lesion j while cough 
and diarrhoea are scarcely less frequent accomimnying features 
of the disease, tJr&mic complications are mre. 

From calculus the distinction hinges on the slow develop* 
meut and irregular degree of pyuria, which ia usually preceded 
by slight hiematuria In calculus. The general nniritiot] is better 
preserved than in tuberculosis. The pain on micturition ia re- 
lieved at the close in tuberculoBis, while in stone it is increased. 
Absence of temperature and constitutional symptoms charac- 
terize the progress of calculous disease, while they are promiQeut 
in tuberculosis. 

Renal CANCEa, 

Primary cancer of the kidney may appear in the form of 
carcinoma, sarcoma, and rarely as lymphadenoma. Sarcoma is 
most frequently met with in childhood, while carcinoma is mostly 
met with a^er 40 years of age, the cncephaloid being the most 
freqnent variety of the latter, though occasionally tlje melanotic 
growth is met witis. Primary cancer usually attacks but one 
kidney; only exceptionally ia it bilateral. Of 59 cases collected 
by Ebstein, 31 involved the right kidney, 23 the left» and 5 l»oth 
kidneys, Encephaloid cancer of the kidney sometimes attains 
an enormous size, — 14 to 56 pounds. 

Renal cancer is more frequent in males than in females. 
Thongh slow of development, often remaining quiescent for 
years, when once it lias begun it rapidly progresses toward a 
fatal tt^rrai nation, — ufiuall}* within a year or two. The disease 
begins in the fihrous stroma of the cortex or in the tubular epi- 
thelium ; sometimes, however, primary invasion begins in the 
lymphntica about the hilum. Wherever the primary lesion be- 
gins, the whole organ eventually becomes infiltrated. There is 
usually appreciable tumor after the disease becomes thorougly 
established. 

The Urine. — ^The most prominent feature of the urine in cancer 
IB hiematuria. In carcinoma this is especially pronounced, often 
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re€ II r Hug and rrequeutly uncontrollabk. In the uttier fonns of 
caucer Ijtumattjna may sometimes be absent tlirougUouL llieuia- 
turift is variuble^ occarriiig sonietimes enrlj%aud aubeiidttig as the 
diBease progresses, when it m^j disappear uud not return* Again, 
the disease uiay become advanced before blood ap|ieaj-9 iu tbe 
urine. As a rule, wiien ijalpable tumor Is present there is 
hflemutiiria, Tlie ba*mnturia is some w bat characteristic in its 
ir regular intermittency, appearing and di9ap|>earing at intervida 
without apparent cause; while often profust;, it i»yet rurely so 
excessive as to rapidly produce ftnaemia or exhaustion. Albumin 
is usually present in tiie urine in small quantity ; always present 
if tbere be blood. The quantity of urine is usually increased 
unless the ureters become blocked by blood-elots. Tus is present 
but in small quantity, save in advanced cases, attended by 
decided destructive changes in tbe kidney ; and even tben tbe 
quantity of pus is remarkably small iu amount, considering tbe 
extent of necrotic changes in progress* 

In carcinoma the urine frequently eon tains acetone, even 
before there is advanced emaciation. Frequent miclnntion is 
the rule, and it may be so prouounced as to call attention ciiicfly 
to the bladder when only tbe kidney is involved. Tbe presence 
of organized substances in the urine^ such &s epitbelinui, casts, 
etc,, are of little diagnostic value in renal cancer. CancerH^ells 
are not recognizable in tbe urine in this disease, and those alleged 
to have been found were doubtless transitional cpitbclium, which 
is often present in considerable quantity if tnalignant disease 
invade the renal pelvis* The only significant feature in tbts con- 
nection would be thediscovcry of particles of tbe morbid growth 
with distinct alveolar structure In the urine, but in malignant 
disease limited to the parenchyma of the kidney this is prac- 
tically unknown. 

Leading Clinicdl Features.— Increasing tumor is the almost 
invariable rule, which is to be looked for in the anterior lumbar 
region, between tbe costal arcb and tbe crest of the ilium. If 
large the tumor approaches the umbilicus, extending upward and 
downward into bypochondrium and iliac, and even to tbe inguinal 
regions. Tbe tumor is usually lobulated or presents obtuse mar- 
gins ; the lobulations often possess unequal degrees of hardness. 
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The ttimoF t§ nearly sUwriys fixed. Paiu uceur^ curlj^ nsually per- 
si-steiit ill cbiinioter, tljough sotDeUmes intermittent It is nmst 
severe in tbe affected kidney, but may be rejected to neighbor- 
ing parts, The character of tbe pain is dull and aching, often par- 
oxysmal Ij in creased J but not greatly aggravated by body move- 
ments. At first the pain U usually slight or even vague, and 
at times absent, be<2oming again severe and prolonged. From 
dull in the beginning it may later ou become lancinating, 
either apontaneoualy or evoked by preBaurc, but not by move- 
ments. When tumor becomes large and presses upon the larger 
trunk-nerves, pain often extends to the chest, across median 
line, and downward to tbe bipa and limbs, simulating sciatica. 
The pressure exerted by tumor when tbe latter is hirge often 
causes cndenm of the feet aud legs, ascites, aiul proud n en ee 
of tbe superficial abdominal veins, as well as constipation, 
disturbances of tbe stomach, and icterus. The constitntional 
symptoms include emaciation, amemia, cachectic appearance, — 
browning or sallowing of tbe skin, — failure of strength and 
vitality* Uraemia is rarely, if ever, present, unless nephritis 
co-exist. Accidental or complicating features are sometimes 
added ; such as paraplegia from spinal pressure, vesical paralysis 
with retention of urine, astbnmtio or laryngeal dyspncea, and 
spasmodic cough from extension of the pathological process. 

Differential Features, — From hepatic tumors cancer of the 
kidney differs as follows : The former have no intestine in front 
of them; the dullness upon percussion is uniform throughout. 
Renal tumors lie in part behind as^cendiug colon, which passes 
obliquely up and to the left, giving clear note of percussion on 
lower and inner margin. Splenic enlargett%eni presents rigid, 
thin borders instead of round and lobulated ones, and, more- 
over, as a rulci splenic tumor has more mobility, and deep per- 
cussion often elicits intestinal resonance through its substance. 
There is usually antecedent history of ague or intermittent 
fever, leucocytheemia, etc., in splenic enlargement* 



Ben At. CALCULUa. 
Calcnli may originate in the secreting structure of the kidney 
— usually in the tubules — or in the renal calyx, but their develop- 
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ment is moat common witbin tbe renal pelvis; aUhongh this 
Bometimes takes p]a(.^e In tbe iiifLindibula^ culyccs, or evea in the 
dllat<!d tubules, whicii form cavities for tbeir locaLion in tbe 
parenchyma of tbe organ. 

Eenal ciilciilus is usually unilateral, though many exceptiont 
occur to this general rule^ The calculus ivhen large is usually 
single, tlic smaller ones being more apt to be multiple* 

Renal calculus occurs at all ages, including intraaiterine life. 
It is, bowever^ most common before 15 and after 50 years of 
age. In young people and children calculus is most frequent 
among tbe poor, while calculus in advancing life is most common 
in people of comfot table circumstances and luxurious habits. 
As a rule, the calculus in infancy is of the ammonium-urate 
variety; that iu young adults, uric acid ; that after 40 years of 
Age is usually calcium oxalate. 

Th© Urine. — Blood appears in the urine in the vast majority 
of cases of renal calculus, and presents the followmg features: 
Hf^maturia not profuse, but appears in repeated paroxysms; 
increased by e^erci^e. The blood is intimately mingled with the 
urine; is not bright in color, but smoky-brownish or porter- 
colored. The vohime of the urine is not increased in uncom- 
plicated renal calculus, but is rather diminished. The urine is 
Uflually sharply acid and of high color. The above are usually 
the early features of the disease, before pyelitis liegins. After 
pyelitis is established tbe urine undergoes the following changes : 
Pus and mucus appear iu the urine in greater or less quantitieB, 
More or less frequency of micturition is present, and the act 
is accompanied by uneasiness,^ — sometimes araounting to pain. 
This may be so pronounced as to lead to an impression that 
cystitis exists. The deposits in the urine are significant, but care 
should be taken to secure only primary deposits, — not those due 
to decomposition changes. Centrifugal sedimentntion of the 
urine is the only trustworthy method of securing this. Urates 
and oxalates are often observed in the sediment^ tbe former fre- 
quently in ijuantity. Witb the advent of pyelitis, more or les* 
phosphatic deposit is to be found in the urine. Epithelium in 
greater or less quantity is found in the sediment in advanced 
teual calculus, most oaen the angular and spiudle form. Lastly, 
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the appearance of small-sized eoDcretions in the urine often 
furniah diagnostic tiata of the highest value. 

Leading Clinical Features*— These consist of dutl aching pain 
8ituat€:d deeply In the loin^ usually unilateral, and often radifttmg 
along the ureter toward the testicle, down the thigli, and some* 
times extending as far as the foot The pain maj he sharp and 
lancinating at times ; intensely severe paroxysms are occasional 
features (renal coUc), lasting a few hours and then suddenly 
suhsiding. The ordinary pain of renal calculus is invariahly 
increased by exercise, either walking or riding; it is, thereforei 
more marked in the evening than in the morning* Tenderness 
upon deep pressure anteriorly is to be found, especially if the 
calculus has cxciteil inflammation. Gastric disturbances are 
common, Including nausea, vomitings and periods of more or less 
disorder of digestion, — acidity, flatulence, etc. 

Differtniial Features, — The early stages of renal tuberculosis 
are most likely to be confounded with renal calculus. In renal 
tuberculosis there is usually tuberculous history in the family, 
and often tuberculosis may he found elsewhere in the patient, as 
in the joints and glands, and the age is usually from 20 to 40* 
Polyuria is not prominent, and renal colic is rare save late, and 
then less severe, usually not causing retraction of the testicle. 
Hfematuria is more persistent, but not so much influenced by 
movements or exercise. The urine is cloudy from the beginning, 
of low specific gravity, depositing more pus, and albuminuria is 
early and more pronounced. Tubercle bneilli usually are present 
in the urine, and inoculation of animals with urine deposit induces 
tuberculosis. General symptoms are prominent, such as anaemia, 
emaciation, weakness, rapid pulse^ and evening temperature, with 
night-sweats. These features are, for the most part, absent in 
stone. 

From malignant disease the distinction rests upon the more 
decided hsematuria of the former, which often results in anaemia. 
Haemorrhage is uninfluenced by movement, and therefore it 
occurs at night as well as by day. 
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RxNAL Embolism. 

Eenal embolistn consists of an impacted thrombus which has 
formed in some part of the circulatory system,^ — usually in tbe 
heart,— and is tarried by the blood -current to the kidney, where it 
blocks one of tbe renal vessels. Recent endocarditis furnishes 
tbe most frequent source of renal embolism. As tbe fibrinous 
clots accumulate upon tbe cardiac valves, sooner or later they 
become detached in whole or in part, and those from the lefl 
side of the heart are liable to be carried by the blood-current 
into either kidney. The anatomtcnl results of embolism &m 
very constant and striking, and in few organs are they more 
often noticed at the autopsy than in the kidneys, though they 
are not so frequently recognized during life as in some other 
locations, notably in the iiings or brain. 

The Urine* — ^Changes in tbe urine are very striking in renal 
embolism, although they are not wide-spread. Sudden and pro- 
nounced albuminuria ia almost invariable. Albumin may appear 
in the urine in a few hours after the attack, but sometimes not 
for twenty-four hours or so after impaction. The albuminuria ie 
marked in degree for from two to five days j it then gradually 
diminishes and completely disappears^or leaves only mere traces 
after two, three, or four weck^. The specific gravity of the urme 
is decidedly increased in the beginning, often reaching 1030 to 
1035; it gradually lowers from day to day, and tbe normal 
nmge is reached after a few days or weeks, Tbe quantity of 
urine is decidedly diminished at first, the color is dark brown, 
and the reaction is sharply acid. Blood is usuaHy present from 
the beginning in variable, but rarely excessive quantity. Some 
degree of pyuria is to be noted, but this is rarely pronounced. 

The urine contains casta in this lesion, often in considerable 
numliers. At first they are mostly hyaline; later on epithelial 
easts appear, as well as those with pus^corpuscles attached to 
them. After tbe first five to seven days the casta become less 
numerotis, they are mostly hyaline, and at length they disappear 
ft-ora the urine. It will be seen from the above features that the 
urinary changes begin abruptly, but that the urine progressively 
and steadily resumes its normal characteristics, and, in fh^m & 
few days to three or four weeks, all manifestations of urinar/ 
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disturLance pass awaj. The block, if aseptic, remains id tbe 
kidney, but ceases to be ^ source of renal irritation. 

Leading Clinical Features. — A previous bi^torj of endocaivlitls 
is tbe rnle. The impaction is followed at once by sudden pain in 
the renal region, often accompanied by chills, which latter mtiy be 
repeated, and some irregular action of tlie hearty with sense of 
prfficordial oppression, or clogging^ and frequently dyspnoea. 
Some slight elevation of tempernture is usuaL If the pnin be 
very severe vomiting is usual, and even some degree of collapse 
nmy follow. 

The intimate toxic character of uraemia as yet remains an 
unsolved problem, only known to us by its results. Our knowl- 
edge of this matter, therefore, is inexact as yet, and remains for 
the chemi CO- physiologist to unravel. In the light of our present 
knowledge of this subject, the only eoncliisions that seem justifi* 
able are as follow: («) All theories attempting to explain the 
cause of uricmia through the action of any single product or 
toxin must be abandoned as fallaciuus, as tbe toxin is un- 
doubtedly multiple, {b) The geneml cause of urfemia lies in the 
failure of the kidneys to excrete the urine in part or in whole, 
and that the urine or its primary elements, as retention products, 
act as direct toxins upon the organism, evoking the symptoms 
termed urs^mic. (c) That tbe most successful attempt at isolation 
of these products of the urine to date we owe to the investi- 
gations of Bouchard. (See Section V, page 143.) 

Ureemia may appear as an acute and rapidly overwhelming 
toxicosis, causing coma, convulsions, and death within a few 
hours ; or it may linger for weeks or for months as a milder 
form of toxic disturbance, with symptoms such as somnolence, 
restlessness, bead aches, nausea, attacks of diarrhcea, dyspncea, 
visual disorders, and general disturbance of nutrition. 

The Urine. — This furnjshes the key to the diagnosis of uremia 
with great uniformity. The essential feature of the urine in 
urreniia is diminution of the absolute amount of solids, but more 
especially of urea. The quantity of urea excreted, instead of 
being 500 grains for an average body-weight, becomes reduced 
to 200 or 100, and even less than 50 grains in some cases. As & 
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rule the activity of the symptoms bear an inverse ratio to the 
quantity of urea excreted, and therefore, in those cases attended 
by extreme diminution of the excretion of urea, the symptoms 
are sure to be pronounced and threatening so long as this con- 
tinues. The uric acid, chlorides, phosphates, and sulphates of 
the urine also suffer marked reduction in uraemia, but, with the 
exception of uric acid, these are probably of no special signifi- 
cance. As a rule the volume of the urine is diminished, and the 
degree of diminution varies through all degrees up to complete 
suppression. The specific gravity of the urine, notwithstanding 
the decreased volume, is also decreased, and sometimes markedly 
so, descending frequently to 1.008 or below. Exceptions to this 
rule are noted sometimes in acute diffuse nephritis, when the 
volume of urine is reduced to a few ounces, the urea being still 
decreased both relatively and absolutely; but the febrile con- 
dition accompanying the acute nephritis causes some increase 
in the other solids, which proportionally become excessive, and 
thus raise the specific gravity of the urine sometimes even to 
the normal range. 

With regard to the morbid constituents of the urine in 
uraemia, albumin is the most constant feature, and is present in 
all grades, from mere traces up to 2 or 3 per cent, by actual 
weight, depending upon the nature of the associated lesion. It 
should be borne in mind, however, that while albumin is usually 
present in the urine in uraemia, exceptional cases occur in which 
it is said to be absent; though this is rare. Even in those cases 
of chronic interstitial nephritis characterized by absence of albu- 
min in the urine, the exciting cause of a uraemic attack, espe- 
cially if acute, is apt to be of sufficient congestive character to 
cause, at least, mild albuminuria. It may, therefore, be repeated 
that active uraemia is extremely rare without accompanying 
albuminuria. 

The urinary sediment in uraemia includes a very wide range of 
morbid products with no very constant associated features. We 
may have casts, epithelium, pus, blood, bacteria, together with 
crystalline or amorphous deposits of urates, phosphates, oxa- 
lates, etc. The only products that may be considered at all con- 
stant are renal casts, which are rarely — perhaps never — absent in 
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ursBmia. Sometimes they are extremely iparse and may be over* 

looked without due care; notably so in chronic interstital lesiooa 
of tlie kidney, in which their form is often limited to the smalls 
perfectly-clear, non-refr acting viiriety of casts, which are con- 
fessedly diflScult to End ; but failure to find them does not^ with- 
out every precaution, prove their absence. With our improved 
methods casts should be found when present The nature and 
numbei of renal casts will depend upon, and correHpotid to, the 
character of the renal lesion present, which need not be repeated 
her^* For full eonsideratiou of this subject consult Section 
yil, page 18y. 

Corresponding CImical Features.^-Among the milder Bymp- 
toms of uraemia may be mentioned dyspepsia, flatulence, nausea, 
occasional diarrhcea, neuralgia or headaches, vertigo, dyspnoea of 
an asthmatic type, bronchial catarrh, and various nervous dis- 
turbances, sucli as i(»somnia, restlessness, mental depression, 
numbness of certain parts of the body, drowsiness, and certain 
Tiflual disorders* 

The more pronounced syniptoins include severe headache, 
usually frontal; vomiting, extreme nervousness, twitching of the 
muscles, drowsiness; pulse increased to 100 or over, usuHlly hard 
aud tense; temperature lowered unless some inflammatory action 
be associated; tongue coated with dry, brown fur; breath foul 
(urEemic), ajid often more or less profound stupor or coma, or 
convulsions, or both. 

Differential i^ea fur es.—XJriemic coma may be mistaken for & 
variety of conditions, notably apoplexj^ e|)ilepsy, alcoholic or 
opium narcosis. 

Urmmic coma may be known by the following features: The 
Bidjjects are usually young or middle-aged ; previous attacks are 
unlikely ; renal lesions are present in some form ; appearance of 
the patient is pallid, sometimes cachectic j pulse increased to 
100 or over; the pupils tend to dilate; the respirations may or 
may not be hastened; breathing is stertorous and labial^ nn- 
consciousness is not complete, the patient may be partly aroused 
by efforts; a peculiar odor of breath is present (urBBmic) i the 
convulsions are of recurrent order, and, as a rule, albuminuria is 
present* 



30e 



ISIIf AET mABNOStE. 



Apoplexy Is differentiated as follows : The age of the patient 
IB nearly always past medium life^ orten advanced; previous 
attacks milikely ; heredity marked; granular kidney oflten asso> 
ciated ; appearance of pfitient normal ; pulse slow, fuU^ 60 per 
minute or under; pupils unequal; respirations slow, stertorous, 
and deeply guttural; inseiisibiUly complete and profonud ; 
imtient cannot be aroused; Iiemiplegia is present 

Epihpsij is most common under 30 years of age ; previoui 
attaeka are the rule; the ainiearance of the jmtient is dusky ^ 
purple, gradually becoming paler; pulse slightly accelerated, 
8 mall, feeble, and dicrotic; temperature normal, or a degree or 
so above I pupils normal; respirations stertorous, guttural, un- 
steady; unconsciousness is not complete, coma of brief duration ; 
great muscular relaxation present 

Aleoholism is common to all adult ages ; previous attacks are 
the rule. The features are sutrused and bloated, the lips Jivid, 
and the expression vacant; pulse frequent, snialt, and feeble; 
temperature slightly lowered, pupils dilated ; respirations are 
deep and slow ; ttertor is intermittent ; breath ia alcoholic ; 
vomiting is common ; the conjnnetiVK are injected ; the features 
are swollen, and the subject can usually be partly aroused* 

Opium coma is most frequent in the 3'oung, and may be 
habitual or accidentah The featurea are shrunken, pallid, cya- 
notic ; expression is ghastly; pulse usually slow and feeble; 
temperature not increased, rather lowered ; pupils contracted ; 
respiration slow^ shallow, and feeble, and opium may be detected 
in the breath. 

EiiSHOGT^BimJIIIA. 

Hiemoglobinuria constitutes a condition characterized by the 
escape of the blood coloring elements by way of the nrlne, very 
little, if any^ of the corpuscular elements of the blood accom- 
panying the pigmentary elements* From whatever general 
source it may originate, it is primarily dne to dij*sohition of the 
red corpuscles of the bloody which permits the coloring matters 
to escape in solution. As an occasional phenomenon it may be 
met with in the course of certain infetttious diseases, extensive 
burns, and in various forms of poisoning. In addition to this it 
occurs as an idiopathic disease of intermittent character, and to 




»iich the following considerations are Id tended especially to 
apply :— 

This disease is most common in males, — three or four to one. 
It occurs at all ages, from 3 to 52 years^ but most often between 
20 and 50* Malaria seems to be the most prominent histoneiil 
feature of these patients, while cold is undoubtedly the mont 
frequent exciting cause. 

The Urin0. — The appearance of the urine in the intervals 
between the attacks is perfectly normal ; but with the attack 
its appearance becomes at once strikingly altered, apparently 
bloody. The color assumes a dark- red, port-wine, or porter 
color, and is somewhat turbiil or smoky in appearance, and de- 
IKJsits, upon standing, an abundant chocoktc-like sediment The 
specific gravity of the urine varies from 1.015 to L030* the average 
mnge being slightly above normal, — 1 .023 to 1 »025, The reaction 
of the nrine may be acid or faintly alkaline, aiid the volume is 
somewhat above normal In most cases the quantity of urea ia 
increased. The urine gives a highly albuminous reaction, and 
further testing showa the presence of globulin. 

The urinary sediment is chiefly made np of amorphous gran- 
ular matter, — doubtless disorganisEcd blood*corpu3cIes, — in which 
are often to be seen minute crystals of biematin. Casts are 
usually present, chiefly dark, granulated ones, though often, also, 
hyaline casts may be found* Many of the casts are made up of 
haemoglobin. Calcium -oxalate crystals are usually present, and 
less frequently are uric-acid crystals found. Blood -corpuscles 
are either absent or only a few scattering ones are to be 
found. The urine gives the characteristic blood reaction with 
guaiacura and ozonic ether ; even the interparoxysmal urine often 
shows the blue reaction. The s pec trosco pica! examination of the 
urine shows the two absorption bands between Frauenhofer's B 
and E lines characteristic of oxy haemoglobin. Renal epithelium 
is often seen in the sediment, sometimes deeply stained by the 
blood -pigment Amorphous urates arc usually [^resent in abun- 
dance, especially as the attack is subsiding. The chlorides of the 
urine are ueually deficient, the phosphates and sulphates in ex* 
cess, and so-called indican is not infrequently present in consider- 
able excess. 
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Prominent Clinioal Features. — The symptoms of idiopathic 
haemoglobinuria are distinctly paroxysmal, beginning with chill, 
— sometimes continued rigors for an hour or more, — which are 
usually due to previous exposure to cold. The exposure, however, 
does not cause the disease, but merely provokes the paroxysm, as 
is proved by the fact that so long as the patient remains warm he 
continues free from symptoms. The chill is accompanie<l or fol- 
lowed by retching and often vomiting, as well as pain in the 
back and limbs ; oflen with retraction of the testes. General 
malaise succeeds with yawning and stretching. Sometimes ten- 
derness in the renal region is to be elicited upon deep pressure. 
Thirst, headache, and drowsiness are frequent features, and the 
skin sometimes becomes jaundiced. In from half an hour to 
two hours the patient voids more or less port-wine-colored urine, 
The urine retains this abnormal color for two or three passages ; 
the whole attack usually being completed in twenty-four hours 
or less time ; more rarely it may continue for several days. The 
attack is often succeeded by griping pain in the umbilical region, 
and more or less pallor and weakness succeed the attack for a 
day or two. Urticaria is an occasional accompaniment of the 
disease. 

The temperature is lowered during the cold stage (96° F.), 
but often rises above normal when the chills subside. After the 
attack the patient remains apparently well for a longer or shorter 
time, — it may be for months, — until again exposed to cold. 
Nephritis is not an infrequent result ; protracted cases are char- 
acterized by repeated paroxysms. 

Chyluria. 

This disease usually arises in consequence of some lesion of 
the lymphatic system, whereby the chyle is diverted from the 
natural channels into some part of the urinary tract. As an 
idiopathic disease chyluria has heretofore been almost exclu- 
sively confined to the tropics, or to those who have spent much 
of their lives there. As such it depends upon the invasion of 
the blood and urinary tract by a parasite, — the Filaria sanguinis 
hominis, — as first pointed out by Dr. Lewis, of Bengal, and 
already described and illustrated (page 210). Besides the en- 
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demie form, tbe diseaBe is occasionally met with m people who 
have never lived in the tropics, and, when thus occurring, it may 
be considered an accidental condition, brought about bj trauma^ 
lisms or diseases which have established communications between 
the Iymph<!liannels and the urinary passages. The accidental 
form of the diseajie is comparatively rare ; at least nine-tenths 
of the cases met with, even in temiTcmte climates, are the result 
of infection in the tropica of people who previously there resided 
and contracted the disease. 

The endemic form prevails widely in the tropics, including 
especially India, China, the West Indies, — notably in Barbados, 
Trinidad, and Demarara,— also Cuba, Bermuda, Brazil, Mauri* 
tins, the Isle of Bourbon, and South Australia, The disease 
attacks indifferently both natives and foreigners, males and 
females, and shows but little preferences as to age of the subject. 
Tbe peculiar and interesting nature and habits of the parasite 
which canses this disease have already been fully described 
(p. 211). 

The Urifie^^The peculiar condition of the nrine in chyhiria 
furnishes the key to the recognition of the disease, Tbe appear- 
ance of the urine is character istically milky, and it so remains 
npou standing for days without settling, in consequence of the 
finely molecular division of the contained fat, thus permitting it 
to remain in suspension. It is unusual for oil -globules of any 
size to be found in the urine in this lesion ; indeed, tbe emulsion 
is so complete that only minute granular matter is seen. Some- 
times, upon standing, the fat rises to the surface of the urine 
and collects in cream^likc flakes. The quantity of fat found in 
the urine in chyluria varies greatly, depending largely upon the 
quantity and quality of the food taken; the urine of digestion 
(after food) is richest in fat, while that of fasting contains the 
least. 

If the urine be shaken with ether tbe fat is dissolved and the 
urine assumes its normal color and appearance. In addition to 
fat, chylous urine usnally contains blood in sufficient quantity 
to impart a very noticeable pink color to the fluid. The pink 
tint is fainter than would be expected in proportion to the 
quantity of blood actually present, the opacity caused by the 
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fat greatly obscuring the colamtion tlue to the blood-corpusclea. 
Upon standing^ however, the contrast becoioes fitriking ; the 
bright sediment of precipitated blood is then plainly visible. 
This precipitated blood-clot becomes more pronouncedly pink 
upon exposure to the atmosphere^ as first pointed out by Dr, 
Vandyke Carter. 

A notable characteristic of chyloiie urine is its tendency to 
spontaneous coagulation upon standing. If the urine be at all 
rich in fibrin, shortly after it ia voided it will coagulate into a 
firm, vibrating, jelly-like masn resembling corn starch blanc- 
mange. Unfortunately, some Limes eoaguhition takes place in 
the urinary channels, notably the bladder, and may give rise to 
most distressing symptoms until it be dissolved or broken up 
and removed. The clots which form after the urine is voideii 
often become very finu, and long retain the form of the vessel in 
which the urine stood; if in bottles they may even have to be 
broken in order to remove the coagulum. The coagulalbn of 
chylous urine depends directly upon the fact of the almost con- 
stant presence of fibrin in the urinC| although the quantity 
varies considerably. At times it is insufficient to cause coagu- 
lation* The quantity of fibrin present is usually in inverse ratio 
to the amount of contained molecular fat. 

The uniform preeeuce of albumin in the urine is attested by 
the constant coagulation of the urine by heat or other albumin 
preclpitants. Corpuscular elements are sometimes present in the 
urine, besides red blood-cells resembling lymph-cells, a^ well aa 
large oval and rounded cells which microscopically and chemically 
evince the characteristics of epithelium. The urine is usually 
devoid of renal casts unless nephritis be excited by the disease; 
and since the urine always contains fibrin, this would indicate 
that the lesions are not ^ittiated in the kidneys, but rather in th« 
conducting channels of the urine. Filaria are sometimes found 
in the urine, especially of the tropical form of the disease, if 
sought for iu the night urine. lu urine excreted during the day 
they are rarely to be found, owing to the fact th^t the parasite 
ja quiescent during the day, Fus-cells are more or less numerous 
in the sediment. 

The aolida of the urine sud'er some reduction owing to tho 
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drain upon the elements which go to furnish nutrrtion. The 
specific gravity is lowered to a moderate, rurely to an extreme, 
degree, — 1.016 to 1,010. The urea, chlorides, and sulphates are 
usually deficient , especially the two former, while the pbosphatef 
are often considerably increased It is comuion to find a con- 
siderable deposit of uric-acid crystals in the freshly- voided arins 
upon cooling. 

Leading Clinical Featyres. — The clinical symptoms are rather 
negative; dropsy, uraemia, and frequent micturition being absent. 
There is usually an indefinite dragging pain in the back and 
Joins^ especially preceding the attacks. Anaemia becomes more 
or less marked according to the extent and continuance of the 
drain. Loss of strength and depression are prominent features 
during the escape of chyle; these, however, are at once relieved 
if this cease. Tuberculosis often becomes a complicating feature 
of very chronic cases. The disease pursues an intermittent 
course, — esjjecially so the tropical endemic, — due to successive 
ruptures of lymphatics; the accidental form is more uniform in 
its course. The duration of the disease is indefinite, but always 
ckronic, lasting from ten to forty-seven years. 

Diabetes iNsiPinua 

This disease has been variously designated under the terms 
diuresis, poiytiriay polydipsia ^ and hydruria. Little or nothing 
definite is knovni as to tlie pathology of the disease ; it is not 
improl^able tliat it is caused by a number of different morbid con- 
ditions. The disease is much more frequent in males than in 
females. It may appear at any age, but in the majority of cases 
the disease appears between 5 and 30 years of age. From the 
number of alleged causes of the disease by various authors, it is 
y^ry evident that nothing definite is known of the etiology, save 
in those cases that can be distinctly traced to traumatisms, Intra, 
cranial growths, or other lesions of the nervous system. 

The Urine, — The chief features of the urine are : enormous 
increase of volume, lowered specific gravity, and absence of both 
sugar and albumin. The daily volume of urine not infrequently 
reaches from 15 to 40 pints. The urine is pale in color, almost, 
in fact, watery in appearance, and the specific gravity ranges 
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from 1.002 or 1.003 to 1 007. The reaction is feebly acid or 
neutral. Upon standing, the urine soon becomes ammoniacal 
and turbid from precipitation of earthy phosphates, and gives a 
rather offensive, fish-like odor. The urea, while proportionately 
reduced, is, in fact, absolutely increased considerably above the 
normal range. Uric acid is apparently greatly deficient, and 
it is even claimed to be often absent. The increase of urea and 
deficiency of uric acid favor the presumption that the latter 
undergoes conversion into the former. The chlorides, phos- 
phates, and sulphates are more or less increased, more especially 
the phosphates, which sometimes become greatly excessive. Al< 
bumin is usually absent from the urine, although in protracted 
.cases it is often present in small quantities. Inosite is frequently 
present in tiie urine, as Strauss claims, merely as the result of 
irrigation of the tissues, since he succeeded in producing the 
same condition, experimentally, upon subjects by administering 
copious draughts of water. 

Prominent Clinical Features. — The most prominent symptoms 
of this disease are as follow : Inordinate, constantly-recurring 
thirst, which is only briefly quenched by copious draughts of 
water. Less constantly the appetite is increased. These patients 
are sensitive to cold and are easily chilled, the temperature being 
somewhat lowered. The tongue is dry, and more or less dis- 
comfort is experienced in the stomach ; pain and diarrhoea are 
often present. The skin is dry, pinched, and dusky. The patient 
becomes spare and weak, though, exceptionally, fair strength and 
health is maintained for years. In late stages of the disease, 
oedema of the lower extremities sometimes appears. 

Diabetes Mellitus. 
Saccharine diabetes constitutes a perverted state of the elab- 
orative functions in which certain elements which go to make 
up nutrition — notably starches and sugars — fail to reach their 
normal destinations in the economy. The symptoms evoked are 
partly due to lack of nutrition and partly to the damaging effects 
of the waste products (chiefly sugar) upon the tissues. The direct 
cause of the disease is an impaired functional capacity of the 
liver in its glycogenic relations. This may, however, be induced 
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through impaired neryous influences, which may be central or 
reflected. In addition, some complemental relationship exists 
between the functions of the liver and pancreas, which often 
permits lesions of the latter organ to evoke the phenomena of 
diabetes mellitus. The precise nature of this relationship is 
unknown. 

Something over 30 per cent, of the cases can be traced heredi- 
tarily. The disease is notably frequent among Hebrews. It 
attacks males twice more frequently than females. It occurs 
most often between the ages of 25 to 65, and is infrequent at the 
two extremes of life. In young people under 30 years of 
age the disease is almost uniformly progressive toward a fatal 
issue in from a few months to four or five years. If the disease 
do not appear until between 40 and 50 years of age, it is often 
more amenable to treatment ; after 50 it may usually be held in 
control by proper management. The disease is more severe 
in spare than in stout subjects, at all ages. In the young death 
is most frequent from diabetic coma, while in those advanced in 
life the end is often reached through cardiac degeneration, gan- 
grene, or exhaustion. 

The Urine. — The physical characters of the urine are character- 
istically altered in typical saccharine diabetes. The urine is light 
in color and of a greenish, rather than yellowish, tint. It remains 
perfectly transparent and froths much if poured from one vessel 
into another. The specific gravity is markedly increased, rang- 
ing from 1.030 to 1.045, or even higher. The reaction is sharply 
acid, and it long remains so upon standing. The quantity of 
urine is greatly increased, the increase being usually in direct 
ratio to the quantity of contained sugar. From 6 to 12 pints 
of urine are often voided in twenty-four hours, but in severe 
cases 25 to 40 pints are sometimes excreted. 

The most characteristic feature of the urine is the presence 
of sugar, which forms the index to the disease. The quantity 
of sugar varies from 1 to 8 per cent., averaging perhaps 4 or 5 
per cent. One and a half to two pounds of sugar per day consti- 
tute the highest range of sugar excreted in the more extreme 
cases, while half a pound is not uncommonly excreted in ordi- 
nary cases. The quantity of urea is markedly increased. A 
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marked decrease in the quantity of urea may be considered as 
an unfavorable indication. The uric acid is usually deficient, 
often reaching but half the normal amount or even less. Not- 
withstanding the above fact, uric-acid crystals are frequently 
deposited from freshly-voided diabetic urine ; the deficiency of 
coloring matters and disproportion of salines permitting it to 
fall out of solution. The sulphates of the urine are not materi- 
ally altered in quantity, probably because of the large amount 
of animal food usually eaten in these cases. The gross chlo- 
rides, like the sulphates, remain essentially unaltered in quantity, 
though often varying considerably from day to day. The phos- 
phates vary greatly according to the quantity and quality of 
food taken, but, on the whole, the tendency is toward increase. 

The urine often contains, in the advanced stages, acetone or 
an acetone-yielding substance. Diacetone is occasionally pres- 
ent in the urine, but only in serious cases, and it is usually the 
index of approaching diabetic coma. Albumin is often present 
in small quantity in chronic cases. It may be due to co-existing 
nephritis, but more often to disturbance of the renal circulation, 
impaired nutrition of the renal epithelium, or degeneration of 
the parenchyma of the kidneys. 

Prominent Clinical Features.— The most prominent symptoms 
are: thirst, polyuria, lowered temperature, hunger, weakness, 
emaciation, and nervous disorders. The thirst is constant, and 
seemingly unquenchable in character. Although the amount of 
water consumed is sometimes enormous, the mouth and throat 
remain dry and parched. The appetite is always increased, at 
first sometimes inordinate, and but little appeased by food. As 
a result the stomach sooner or later becomes disordered under 
the strain of constant overloading, so thsit in late stages of the 
disease the appetite fails, and dyspepsia follows. Constipation 
and attacks of diarrhoea are common. The mouth, tongue, and 
fauces become intensely red and congested; the gums become 
tender and shrunken so that the teeth sometimes loosen. The 
temperature is lowered, — 96° to 97° F. being common, but even 
a temperature of 93° F. has been observed. Chilly sensations are 
frequent ; so that these patients instinctively seek the fire and 
require extra clothing. Colds are excited upon slight exposures. 
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Periods of somnolence are common, and various nervous mani- 
festations appear, as neuralgia, cutaneous hypersesthesia, sensa- 
tions of abnormal heat of skin, or sudden spells of perspiration. 
These patients become irritable, fretful, uneasy, vacillating, and 
the mind deteriorates somewhat. The sexual power declines 
or is completely lost. The skin is dry, harsh, unperspirable, 
wrinkled, and loose, causing an early aged appearance. Emaci- 
ation progresses sometimes with rapidity ; the muscles feel weak 
and tired, so that movements become laborious and exhausting, — 
these patients do not care to exercise. The pronounced and per- 
sistent polyuria produces frequent micturition, which harasses 
the patient both day and night. Tuberculosis sometimes sets in 
in the late stages of the disease, often, however, preceded by 
bronchitis or localized pneumonia. Gangrene of the extremities 
is common in aged subjects. Cardiac enlargement, high-tension 
pulse, and degenerative changes of the heart often supervene in 
long-standing cases. 

Finally, gastric pain, dyspnoea, and more or less drowsiness 
announce the approach of diabetic coma^ which quickly termi- 
nates life. 

Urinary Fevkr. 

Various names have been applied to this disease, such as 
urethral fever, catheter fever, urinary fever, shock, urinary 
poisoning, ureemic poisoning, urinary infection, — names which 
suggest the various and conflicting views held both of the 
etiology and pathology of this 'condition, which, indeed, still 
remain unharmonized. 

The term " urinary fever " was first employed by Guyon to 
denote the febrile disturbance and accompanying phenomena set 
up by instrumentation of the urethra or bladder, or by opera- 
tions upon the urinary organs, or by impressions upon the 
urethra or bladder by other means. The morbid phenomena 
evoked by instrumentation of the urethra and bladder may 
become so wide-spread as to include septic inflammations of the 
renal pelvis, the kidney itself, and even pyaemia ; or it may bring 
about acute ursemia, with its attendant consequences, often ter- 
minating in death. In most of these conditions some previous 
disease existed either in the kidneys, bladder, or urethra, and 
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the instrumentation merely served to convert a chronic disease 
into an acute and often highly -dangerous condition. Much of 
the confusion in the past, and, to some extent, still existing, in 
reference to the pathology of urinary fever, has arisen from the 
mistake of describing the various inflammatory and septic proc- 
esses set up in abnormal urinary organs by instrumentation, and 
attempting to harmonize these with the temporary fever induced 
by instrumentation of the urethra and bladder. We may, for 
instance, have all the conditions present which tend toward the 
development of septic nephritis, such as obstructive cystitis or 
ascending pyelitis. The use of the catheter under such circum- 
stances, especially in elderly men, is very apt to at once evoke 
acute (septic) interstitial nephritis, resulting in death. While 
the exciting cause in such case was instrumentation, pathological 
conditions pre-existed, and the instrumentation merely served to 
convert a chronic into an acute septic disease. 

By urinary fever, as here considered, is meant the elevation 
of temperature and accompanying symptoms evoked by the 
passage of a sound or catheter, by operations or other impres- 
sions made upon the lower urinary tract, the kidneys and urinary 
organs being free from disease. 

The passage of a catheter into a healthy urethra, when the 
bladder and kidneys are perfectly healthy, may evoke symptoms 
and results of all grades, from a mere transient faintness, recov- 
ered from in a few minutes, to violent chill, elevated tempera- 
ture (103° to 105° F.), suppression of urine, convulsions, and 
even death in from six to forty-eight hours. Morris has es- 
pecially pointed out that the nervous connections with the genito- 
urinary tract are so peculiarly constituted that, if a local irrita- 
tion be at all pronounced, conditions are favorable for the most 
wide-spread nervous storm to prevail over the entire sympathetic 
and cerebro-spinal systems, involving the cardiac, pulmonary, 
and renal circulations to the extent of inducing syncope, im- 
paired respiration, acute renal congestion, convulsions, and even 
death. 

But even the slighter forms of local irritation (measured by the 
degree of instrumentation), as the gentle passage of a sound, are 
as likely to evoke an attack of urinary fever as operations upon 
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the urinary organs of very considerable extent, such as lithotomy 
or lithotrity. 

The Urine. — The quantity of urine is more or less dimin- 
ished in urinary fever. The diminution is usually very decided 
and even complete suppression may occur, lasting for one to 
three days. Very decided diminution is the rule; complete 
suppression rather the exception. In cases of recurrent urinary 
fever unattended by suppression the volume of urine is much 
diminished during the febrile period, while during the intervals 
the volume increases considerably. The color of the urine 
is increased and often presents a bloody tint. The urine is 
smoky in appearance, the transparency being more or less di- 
minished or absent. The reaction of the urine is acid and the 
specific gravity reduced. The solids are diminished, notably 
the urea. Blood is nearly always present in marked cases, vary- 
ing from microscopical quantities to frank haematuria. Albumin 
is constantly to be found in the urine; the range, however, is 
usually moderate, — one to two grammes per litre, — although ex- 
ceptionally two or three times that amount is present, and this 
is always of grave significance. Casts may or may not be 
present. They are always associated with high grades of albu- 
minuria, and, like the latter, are of serious significance. 

Prominent Clinioal Features. — After passing a catheter, or 
some operative manipulation of the lower urinary tract, in from 
a few minutes to six or eight hours the patient is suddenly seized 
by a chill of various degrees of severity, from merely chilly sensa- 
tions to pronounced and violent rigor, accompanied by chattering 
of the teeth and vibrations of tlie limbs or whole body. This 
is followed by pain in the back and limbs. The temperature 
rapidly rises from 2 to 7 degrees ; headache and injection of the 
conjunctiva are present, and nausea, vomiting, and even delirium 
are common. Dyspnoea and cardiac irregularity are occasionally 
to be noted. The pulse becomes rapid, hard, and tense, — vibrat- 
ing. After a time a pronounced perspiration succeeds, and with 
this the temperature lowers and more or less relief is experi- 
enced. The pulse grows less frequent and less tense ; the tem- 
perature diminishes, but thirst continues unabated. After six 
to twelve hours the fever subsides, leaving the patient weak ; but 
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convalescence, as a rule, is established in a day or two. In 
some cases the patient has a recurrence of the paroxysm on the 
following day, or in two or three days, and these may be re- 
peated a number of times. In the absence of definite lesions 
the attacks soon subside and the patient regains his normal 
condition. 

Differential Features, — From pyelonephritis and suppurative 
nephritis urinary fever is distinguished by the sudden onset of 
the latter and the brief duration of the fever ; by the history of 
the case, such as previously healthy kidneys and healthy state 
of the bladder and lower urinary tract. 

From uraemia more difficulty is encountered in making a dis- 
tinction, since suppression may occur for several days and death 
result, at least in part, from unemia. In urinary fever suffi- 
ciently severe to cause death, it does so more rapidly than does 
ursemia. The absence of coma and convulsions, the retention of 
consciousness, etc., exclude uraemia. Septica;mia is distinguished 
by its slower onset, low typhoid character, and continuous pro- 
gressive course without intermission. 

HrnaoNEPEniosis. 

The above term was first employed by Rayer to denote the 
overdistension of the kidney with urine. It is, in fact, a result 
of mechanical obstruction to the outflow of the urine, the obstruc- 
tion being located in the ureter, bladder, or urethra. This dis- 
ease should be carefully distinguished from pyonephrosis, — a 
condition also of distension of the kidney with urine plus puru- 
lent matter. It should also be distinguished from large cysts of 
the kidney the contents of which are fluid, but not Urinous. 

Hydronephrosis in its pathological significance has been best 
expressed by Terrier and Baudouin as " an aseptic dilatcUion of 
the pelvis by urine ^ the flow of which is obstructed by some 
mechanical obstacle^ About 35 to 40 per cent, of the cases are 
congenital, the remainder being acquired. The congenital causes 
comprise twists of the ureter upon its axis, undue obliquity of 
the ureteral opening into the bladder, reduplication, valve-like 
folds of the ureteral mucous membrane, and imperforate ureter. 
The acquired causes include cancer of the pelvic organs, notably 
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of the ovaries; hydatids and other growths within or im- 
pinging upon the ureters ; calculus in the ureter ; traumatisms, 
including renal dislocations, twists, etc. ; abdominal tumors, 
vesical growths involving the ureteral openings, and obstructive 
diseases of the prostate. 

The Urine. — The quantity of urine varies according to the 
degree of obstruction, and whether the disease be confined to one 
or both kidneys. In the milder forms of obstruction the quan- 
tity of urine varies greatly, there being periods of diminution 
followed by periods of increased flow. On the whole, the 
volume of urine is diminished. The urine is of low specific 
gravity, and reduced in its solid constituents, — conditions which, 
as Dickinson has pointed out, always exist with urine secreted 
against pressure. The urine sometimes contains blood, which 
is discharged witli great pain (renal colic), especially if clots be 
present. Slight albuminuria is usually present, though this is 
not invariably so. The urea is markedly reduced, both relatively 
and absolutely ; the phosphates are greatly reduced in most 
cases, while the chlorides and sulphates suffer the least dimi- 
nution. Sedimentation of the urine shows excess of epithelium, 
in which the spindle-shaped and angular cells predominate. Renal 
casts, as a rule, are absent, but a few scattering pus-corpuscles 
and blood-discs are usually present. 

Prominent Clinical Features. — Dull, aching pain is usually 
present in the renal region, with some increased frequency of 
micturition. Tumor is present in most cases, gradually en- 
croaching on the median line and downward toward the iliac 
fossa. About one-fourth of the cases of single hydronephrosis 
extend beyond the median line, and in a considerable number of 
these tumor occupies a very considerable area of the abdominal 
cavity. Sudden diminution in size of tumor, coincident with 
excretion of unusual quantity of non-purulent urine, may be 
considered diagnostic. 

Vomiting sometimes occurs during periods of retention, and 
sometimes a urinous odor may be observed in the perspiration at 
such times. Constipation is a frequent result of pressure upon 
the colon ; more rarely diarrhoea may be present from the same 
cause. So long as the hydronephrosis be single and the 
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remaining kidney be sound, there is absence of uraemic symp- 
toms. If, however, the remaining kidney be diseased or the 
hydronephrosis be bilateral, suppression of urine and ursemia 
are liable to result at any time and prove fatal. 

Differential Features, — Hydronephrosis is to be distin- 
guished from other abdominal tumors by the presence of urea 
and uric acid in the fluid withdrawn by aspiration, and by the 
abrupt diminution in the size of the tumor coincident with 
copious discharge of urine. Hydronephrosis may be confounded 
with renal cancer or cystic degeneration of the kidney. In 
hydronephrosis the tumor is evenly and distinctly fluctuant, no 
dullness on percussion being observable throughout its extent. 
The tumor, furthermore, does not conform to the shape of the 
kidney; it is usually unattended by dropsy, hsematuria, or 
cachexia. In cystic disease the tumor is bilateral, non-fluctuant, 
preserves the form of the kidney, is painless, sometimes attended 
by dropsy, nearly always associated with haematuria, and the 
tumor does not rapidly change in size. 

In cancer the tumor is unilateral, non-fluctuant, irregular in 
form, rapid in growth, attended by severe pain ; copious, recur- 
rent, and persistent haematuria occurs, and in late stages pro- 
nounced cachexia is present. 

PvoNEPFraosis. 

Pyonephrosis is a dilatation of the renal pelvis and calices of 
the kidney with purulent urine, or, in other words, it is hydro- 
nephrosis with suppurative inflammation added. In marked 
cases the suppurative process extends beyond the calices and 
results in compression, atrophy, and destruction of the paren- 
chyma of the kidney. The causes are the same as those of 
hydronephrosis plus suppurative inflammation. 

The Urine. — Pus is always present if the obstruction be in- 
complete. If complete at times, and not at others, pus will 
appear intermittently in the urine if the disease be unilateral. 
The quantity of urine voided will depend upon the degree of 
pressure exerted. If the ureter be blocked, as often occurs for 
some periods of time, the urine will be greatly diminished in 
volume during the period of obstruction. If only partly oc- 
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clnded, the quantity of urine, as well as that of pus, will vary 
even during twenty-four hours. If the obstruction be tem- 
porarily relieved, large quantities of urine are voided which 
contains blood and pus, while during the period of occlusion the 
urine is clear and normal in appearance, unless the disease be 
bilateral. 

In the early stages of this lesion the urine contains blood 
(sometimes only in microscopical quantity), more or less mucus, 
and epithelium and pus. The urine is usually acid in reaction, 
of low specific gravity, and contains albumin, as a rule cor- 
responding with the quantity of blood and pus in the urine. As 
the disease advances, pyuria becomes more pronounced. The 
urine is still acid, unless in very advanced cases, when saccula- 
tion of the kidney occurs, in which case it may become ammo- 
nlacal. In all stages the urine is of lowered specific gravity, 
the solids more or less decreased, and micturition is somewhat 
more frequent than normal. 

Prominent Clinical Features. — The prominent symptoms of 
pyonephrosis comprise pyuria with constitutional symptoms, such 
as rigors, evening temperature, emaciation, anaemia, prostration, 
and, in advanced cases, hectic. If tumor form, it may be elastic 
and fluctuant or hard, and extend both forward and downward. 
Pain is present, varying with the size of the tumor and degree 
of fluctuation. It often appears in paroxysms of intensity, — 
renal colic. Pressure over the anterior of the tumor greatly 
increases the pain, or develops it, if not before present. On the 
other hand, lateral pressure may relieve the pain when present. 
The bowels are usually disturbed, constipation or diarrhoea being 
frequent. When the ureter becomes suddenly and completely 
blocked, sharp constitutional symptoms often follow, such as 
chill followed by rise of temperature, which may reach 103° to 
105° F. ; profuse perspirations, rapid pulse, quickened respira- 
tions, and sharp pain in the aflfected side. These symptoms 
usually continue for some time, and are suddenly relieved by 
a copious flow of urine, which had previously been greatly 
reduced in quantity. 



322 URINABT DIAQNOSIfi. 

Acute Intsrstitial Nxphbitis. 

This disease has been described under several names, Tiz., 
^suppurative nephritis,^^ ^^ acute interstitial nephritis j^^ ^^pyelo- 
nephriliSy^ and " surgical kidney ^ It is, in fact, an acute inter- 
stitial nephritis with numerous points of suppuration in the 
kidney, varying in size from mere dots to large abscesses, which 
may occupy almost the entire organ. It is seldom observed as 
a primary disease ; by far the greater number of cases are sec- 
ondary and consequent to urethral stricture, prostatic enlarge- 
ment, large vesical calculi, atony of the bladder, infectious em- 
boli, or traumatisms. It sometimes complicates typhus, typhoid 
fever, diphtheria, carbuncles, pyaemia, cholera, and like infec- 
tious diseases. Obstructive diseases of the urinary conducting 
channels, with decomposing urine from retention, are strong 
predisposing as well as exciting causes. Under such conditions 
careless instrumentation of the urethra and bladder are exceed- 
ingly prone to induce acute interstitial nephritis ; hence the mis- 
applied term " surgical kidney.'*^ 

The Urine. — This is always cloudy, of pale, dirty-yellowish 
color, and of peculiarly foul odor. The specific gravity is re- 
duced, — 1.016 to 1.006, — and the quantity of urine is reduced. 
The reaction may be acid, neutral, or alkaline. If acid, the dis- 
ease is likely to be limited to the kidney ; but if alkaline, pyelitis 
and perhaps cystitis also exist. Whatever be the chemical re- 
action of the urine when voided, upon standing it rapidly under- 
goes ammoniacal decomposition. The normal constituents of 
the urine are reduced in quantity, notably the urea. Albumin is 
always present in the urine, though in variable quantity, the 
amount always exceeding that due to the contained pus and 
blood. 

The urinary sediment is always abundant, and consists, for 
the most part, of pus, blood, bacteria, organic debris^ epithelium, 
and usually casts. The presence of pus is an essential feature 
of the disease ; it is always present and may be very copious in 
quantity. 

The microscope reveals the presence of micro-organisms in 
abundance, and sometimes finely-formed casts of bacteria are to 
be seen. A sadden and marked increase in the quantity of 
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puB in the arine, especially if containing recognizable remnantB 
of glomeruli or arinary tubules, denotes the formation of renal 
abscess. 

Prominent Clinical Features. — The commencement is marked 
by pronounced rigor or a succession of chills followed by rise of 
temperature, which in the evening may reach 103^ to 105° F., 
while the morning temperature may be below 100° P. Weak- 
ness, drowsiness, flatulence, and sense of abdominal fullness 
follow. Rapid emaciation, pinched features, and dull, leaden, or 
sallow appearance succeed. In the evening the skin becomes 
hot and great thirst is present. Profuse perspiration is common ; 
the tongue may remain comparatively clean, but more often it 
becomes dry and coated with a brownish-white fur. Nausea is 
frequent, and vomiting occasionally follows. Renal pain and 
tenderness are usually absent, but considerable pain is present in 
the limbs and along the spine. In unfavorable cases the symp- 
toms continue until exhaustion succeeds or renal suppuration 
becomes established, either of which usually terminates life within 
a few days. 

Chronic Pyelitis. 

The more acute forms of pyelitis are included in pyonephrosis 
and acute interstitial nephritis, just considered. The general 
causes include the acute infectious diseases, such as typhoid, 
diphtheria, pyaemia, cholera, puerperal septicaemia, and such dis- 
eases as carbuncle. 

In addition to these we have chronic pyelitis of a more cir- 
cumscribed character, which may result from an acute attack, or 
it may be induced by less active causes, ]>eing essentially chronic 
in nature from the beginning. Chronic pyelitis is rarely a pri- 
mary disease, but is usually associated with other renal lesions 
or vesical diseases, especially septic inflammations of the lower 
urinary tract. 

Of the local causes gravel constitutes the most frequent 
source, which may act either by direct irritation or through 
obstruction. Tuberculosis is a frequent local cause, notably the 
form of slowly-developing cheesy nodules which set up inflam- 
matory changes both in the pelvic mucous membrane and neigh- 
boring tissues. 
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The various obstructive diseases of the lower urinary channels 
are frequent causes of inflammation of the mucous membrane of 
the renal pelvis. These include urethral stricture, enlarged pros- 
tate, large vesical calculi, atony of the bladder, etc. The re- 
tained urine in such cases is extremely prone to be contaminated 
with pyogenic germs introduced from without. These organisms, 
upon introduction, rapidly multiply and spread, causing changes 
both in the urine and mucous structures, including that of the 
renal pelvis. These micro-organisms are, for the most part, 
micrococci, but rod-like forms or bacilli may also be present, 
both in the urine and mucosa of the renal pelvis. 

Pyelitis should not be confounded with suppurating nephri- 
tis. This is a common error, due, perhaps, to the fact that they 
are often, though by no means always, associated ; but uncompli- 
cated p3'elitis is unattended by the usual general s^^mptoms of 
septic absorption which are present in suppurating inflammation 
of the kidney. 

The Urine. — The renal irritation consequent to pyelitis in- 
duces polyuria ; so that the volume of urine is augmented in 
this lesion. The color of the urine is pale straw-colored, de- 
scribed as " whey turbidy^^ and sometimes tends toward a greenish 
tint. The specific gravity is reduced and the chemical reaction is 
usually faintly acid. Pus is present in varying quantity, but 
always the most prominent feature of the sediment (Fig. 43). 
The solids are relatively reduced owing to the polyuria, but the 
absolute solids suffer no material changes in amount. Albu- 
minuria is a constant feature of pyelitis, the quantity of albumin 
exceeding that depending upon the contained pus. The sediment 
is flocculent, of considerable volume, of greenish-3'ellow tint, not 
so viscid or sticky as in cystitis, and, as already stated, is 
chiefly composed of pus. The pus-corpuscles often exhibit tooth- 
like margins, notably so in chronic cases. They often become 
pressed together in the papillary ducts and form masses of 
round, oval, or long pings, which are considered characteristic 
of pyelitis. Epithelium is present only in small quantities. 
This lesion cannot be diagnosticated by the presence of spindle- 
shaped epithelium in the urine alone, as has been frequently 
asserted. In truth, much of the epithelium lost by the mucoea 



CEB0N10 PTILITIB, 



3^5 



of the renal pelvis breaks down mto pus-cells and graimlar 
matter. Blood-eorpusek'S &re rarely pieseiU, mve when the pje- 
litia is due to calculus, tuberimlosis, growtlia^ or entozoa. If^ as 
b usually the case, the iweliiis be u nil ate nil, the urine sometimes 
pres^ents one or two anomalona ftatures ill referenee to its chemi- 
cal reaction. Thus, the urine may be imtrescent and offensive from 
decomposition, and yet remain acid. Again, it is not uncommoti 
to meet with triple-phosphate crystals in the urine which gives 
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a distinctly acid renction. These features have been explained by 
the faet that the urine from the sound kidney overcomes the 
Alkalinity of the urine from the diseased kidney as they mingle 
together in the bladder, and it is thus voided lie fore it has had 
Buflicient time to become ammouiacah The triple-phosphate 
crystals met with in the urine under such circumstances often 
show evidences of their existence in acid urine in their super- 
ficial solution, their sharp angles being rounded The urine in 
pyelitis is peculiarly ofTeusive, — not merely ammoniacal^ but 
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rather also suggestive of sulphuretted hydrogen, — while in cys- 
titis the odor is almost purely ammoniacal. Once experienced, 
the odor of the uriue in pyelitis may afterward be recognized as 
characteristic when preseut. This property of the urine, how- 
ever, varies from time to time, and may even be temporarily 
absent if the ureter of the affected side become blocked. 

Prominent Clinical Features. — These comprise aching, drag- 
ging pains, central in the lumbar region, but often radiating 
along the course of the ureter toward the bladder. The pain 
is not usually severe, is always increased by deep pressure by 
the finger-tips, and it may be absent at limited, but considerable, 
periods of time, and it is increased by exercise. Renal colic is 
apt to form a feature of the history of this lesion, but especially 
so when the cause is connected with stone, hydatids, tuberculo- 
sis, or cancer. Micturition is more frequent than normal, but it 
is rarely attended by pain, being rather of reflex character. 
Occasionally, when the ureter becomes blocked and retention of 
urine occurs in the aflected organ, elevation of temperature 
occurs with the usual febrile symptoms. The fever is nocturnal, 
usually of mild grade, and often accompanied by cutaneous 
eruptions not unlike rcitheln. 

Movable Kidney. 

The subject of misplacements of the kidney embraces three 
conditions of the organs : 1. Simple misplacements of the kidney, 
2. Movable kidney. 3. Floating kidney. 

Simple misplacement of the kidney is met with either as a 
congenital or acquired condition. Of the congenital order, the 
horseshoe kidney is most common ; the next most frequent con- 
genital malposition is above the sacro-iliac synchondrosis. The 
suprarenal bodies are often found congenitally misplaced, espe- 
cially when the kidneys are higher than normal. Congenital 
misplacement is most often unilateral, and most often involves 
the left kidney. Simple acquired misplacement may be brought 
about by pressure of adjacent organs, such as enlargement of 
the spleen or liver, or from pressure of large morbid growths. 
Tight lacing has been alleged as a frequent cause of downward 
displacement of the kidney, but this is now considered as an 
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exceptional cause. Both acquired and con geni tally misplaced 
kidney may be mistaken for new growths. As a rule, misplaced 
kidney, if unattended by mobility, gives rise to no special symp- 
toms, and is only observed at the autopsy. It therefore deserves 
no extended study by the clinician. 

Movable kidney differs from floating kidney in that the former 
lies loosely between the peritoneum in front and the muscular 
wall of the abdomen behind, while the floating kidney is in- 
closed in peritoneum, which forms a " mesonephrony The float- 
ing kidney, therefore, floats within the abdominal cavity, as do 
the intestines. Movable kidney, as a rule, is acquired, while 
floating kidney is always congenital. Movable kidney is most 
common in females. The right kidney is about twelve times 
more frequently movable than the left, which is probably due to 
the weight and unyielding nature of the liver, the greater length 
of the right renal vessels, and the less firm attachments to the 
colon on the right, together with the greater right tension and 
strain in right-handed people. Movable kidney is bilateral 
about once in every twenty cases. It is most frequent from 
30 to 40 years of age, a large proportion of the cases occurring 
in women who have rapidly borne children. 

Absorption of the fatty elements of the renal capsule is now 
regarded as the most common predisposing cause of movable 
kidney, and this is borne out by the remarkable frequency of its 
occurrence in spare subjects. Lastly, movable kidney is often 
the result of dislocation from falls or blows. 

The Urine. — It has been denied by many authors that movable 
kidney produces any effect on the character of the urine. Those 
who have seen much of such cases, however, will scarcely have 
failed to observe frequent urinary disturbances, which form an 
important, almost essential, part of the pathology of this con- 
dition. The urine is often scanty, high colored, and usually 
deposits more or less sediment ; at other times it is more copious 
than normal. Hsematuria is not unfrequent in movable kidney. 
The twists of the ureter attendant upon renal mobility neces- 
sarily entail more or less interference with the circulation. The 
duration and degree of this interference determine the degree of 
suppression, the discharge of blood, presence of albumin, epi- 
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thelial denudation, and pyelitis. Suppression of urine usually 
occurs only at short periods, because the loosening of the renal 
capsule from the posterior abdominal wall permits the renal pelvis 
and part of the ureter to also separate from the abdominal wall 
and follow the renal movements. Thus, the obstacle to the 
escape of urine is more easily overcome by pressure of retained 
urine within the renal pelvis. 

Dimiuished excretion (25 to 30 ounces) and short periods of 
suppression, followed by short periods of copious flow of pale- 
colored urine of low specific gravity, are common features of this 
condition, though these are not so marked as in p3'onephrosis. 
During periods of suppression mild uremic symptoms have 
been noted; these are rarely pronounced, because the flow is 
soon restored. The urine very often contains a small amount of 
albumin, owing to the circulatory disturbances in the kidney. 

Prominent Clinical Features. — The chief clinical symptoms of 
movable kidney are : sensations of dragging weight in the side ; oc- 
casional sense of movement ; severe paroxysms of paiu, like renal 
colic ; pain of a dull, aching character ; neuralgic pains in trunk- 
nerves of the affected side. Nausea and vomiting are often pres- 
ent, and may be severe. Intestinal disturbances are common, 
such as diarrhcBa or constipation. Loss of appetite, weakness, de- 
bility, flatulence, emaciation, and depression are frequent features 
observable. Nearly all the symptoms are increased by move- 
ment or standing, while they are relieved by rest and quietude. 
Menstruation and pregnancy usually aggravate the symptoms. 
Manipulation of tumor causes peculiar sinking or fainting sen- 
sations, often attended by nausea. The tumor possesses more or 
less mobility. 

Differential Features. — Limited contractions of the recti, 
trans versalis, or abdominal oblique muscles sometimes give 
impressions of smooth, oval tumors, which may even disappear 
on pressure, not unlike movable kidney. Anaesthesia and strong 
percussion over tumor will usually distinguish the true con- 
dition. 

A tumor of the liver, or distended gall-bladder, or a liver 
deformed from tight lacing, or an hypertrophied liver may give 
rise to similar percussion-sounds, as well as similar gastric dis- 
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orders, and vague abdominal sensations and pain not unlike 
movable right kidney. Distinction is most difficult, but may be 
accomplished by palpation, urinary changes or their abeence, 
etiological elements, and by results of treatment. Percussion 
cannot be depended on in these cases alone ; if the tumor can be 
completely separated from the liver by palpation, it goes far 
toward establishing movable right kidney. 

Movable spleen is distinguished from movable kidney by the 
former lying immediately beneath the abdominal wall through* 
out all movements, while a kidney when pushed upward retreats 
from the abdominal wall beneath the intestines. The peroussion- 
note over the spleen is, therefore, always dull, while over the 
kidney it is dull tympanitic or tympanitic. 

The distinction between uterine or ovarian tumor and mova- 
ble kidney is determined chiefly by the direction of mobility. If 
mobility can be made to extend to lumbar region without pain, 
tumor of the uterus or ovaries may be excluded. On the other 
hand, movable kidney must not be excluded by mobility toward 
the pelvis, as such tumor may exceptionally be renal. If the 
renal artery can be grasped and pulsations felt, the diagnosis be- 
comes clear. Capability of replacement of kidney with disap- 
pearance of tumor renders renal source of tumor certain. 

Cystitis. 

Much confusion has existed as to the nature of cystitis in 
consequence of the diversified classifications of this afiection. 
Writers speak of purulent cystitis, hmmorrhagic cystitis, cysti- 
tis of the neck, cystitis of the body of the bladder, and catarrhal 
cyMitis of several grades. Acute cystitis and chronic cystitis 
are employed as denoting intensity or duration of inflammatory 
process, rather than the character of the lesions present, and as 
such the terras are convenient for descriptive purposes. 

In the light of modem investigations and present pathological 
knowledge cystitis is coming to be better understood and its 
signification has assumed more accurate and definite meaning. 
In all its varying phases cystitis must now be considered as a 
local bladder infection by bacterial germs. Normal urine, as 
already pointed out, is an aseptic fluid characterized by the 
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absence of septic germs, while cystitis is always associated wrch 
the presence of septic micro-organisms in greater or less abun- 
dance. 

The same causes which bring about local infection elsewhere 
may be looked for to explain the presence of bladder infection. 
Comprehensively considered, they include the following con- 
ditions: Weakened vitality of the tissues; favorable soil for 
development and the presence of micro-organisms possessing 
pyogenic powers. If we consider for a moment the many con- 
ditions to which the urinary bladder is exposed, which tend to 
weaken its resisting power to the action of germs ; the many 
sources of exposure to local infection, and the favorable medium 
the urine constitutes as a culture medium for many pyogenic 
germs, it no longer seems strange that cystitis is one of the most 
frequent diseases of the urinary tract. Since the discovery of 
the micrococcus urea by Pasteur, thirty-five years ago, to the 
present time, a large number of micro-organisms have been dis- 
covered in pathological urine. Although many of these possess no 
pathogenic powers, a number of them are, without doubt, closely 
associated with cystitis in the relationship of cause and effect. 

Tbe older theory, that cystitis is set up by ammonia evolved 
in tbe decomposition of the uriue by the micrococcus ureae, is no 
longer accepted. It has been conclusively demonstrated by 
Guiard and Guy on that ammoniacal fermentation of the urine 
in the bladder takes place as a result of cystitis, and in the 
absence of the latter the former does not occur. The question, 
then, of the local etiology of cystitis must be narrowed down to 
local infection of the bladder by pathogenic germs, and the 
results of their action constitute cystitis. 

Of the many etiological factors which favor bladder-infection 
may be mentioned the following: Retention of urine, trauma, 
deep gonorrhoea, stricture of the urethra, prostatitis, calculus, 
morbid growths, exposure to cold, sexual excesses, gout, para- 
plegia, etc. 

The Urine. — Pus is present in the urine as the most essential 
feature of cystitis, its absence being proof that the bladder is 
uninflamed. The quantity of pus present depends upon the 
degree and extent of the cystitis and the length of time cystitis 
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has been establiBhcd. Early iu the lesion the quantity is small, 
gometimes observaUe only under the microBcopa If the urine 
be acid the cystitis is recent, and the pus readily settles. If the 
urine be alkaline — ammouiacal — the pus Bcttles in a viscid , sticky 
mass, the cystitis is chronic, often termed ^'chrojiic catarrhal 
cystitis J'^ Blood is nearly always present in acute cystitis, and 
Bometimes also in the chronic lesion. It is increased in quantity 
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by movements or standing. In acute cases it is due to cooges- 
tion ; the quantity is comparatively small, and for the most part 
it apijcars at the close of micturition. In tumors and varicose 
conditions of the vessels, blood la mixed more uniformly with 
the urine, and the quantity may In such cases be large. 

The quantity of albumin in the urine ia inconstant in this 
lesion. In the early course of the disease it is usually due to 
pus or blood, and consequently the amount is small. In chronic 
cases the quantity is more considerable^ since denudation of the 
Tesical mucous surface permits of more ready escape of blood- 
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aerura. The reaction of the urine is usually acid in the early 
course of the dbeadif as well as in mild cases ; while chronic, 
long-continued cases are mostly characterized by alkaline urine 
from volatile alkali. Accompanying the ammoniacal changes, 
more or lesi* copious deposits of triple-phosphate crystals are to 
be found in the urine. In addition to this, amorphous phos- 
phates are often present in considerable quantity, and less fre^' 
quently, also, are urates. 

Recent cystitis differs from the chronic form as follows : In 
the former the quantity of urine is usually normal ; color is 
dark ; the reaction is acid when voided^ quickly becoming alka- 
line after it is voided ; the specific gravity of the urine is usually 
normal; the appearance is turbid and smoky. Microscopical 
inspection shows the presence of vesical epithelium, pus, often 
blood, and bacteria ; and on standing a few crystals of triple 
phosphates usually are observed. 

Iti chronic coses the quantity of urine is about normal; the 
color iii light, the reliction alkaline^ the specific gravity somewhat 
lowered, and albumin is usually preseuL Microscopical ins pec- 
tiou shows the pre^^cnce of pus usually in abundance, sometimes 
blooii, bacteria always, and veaical epithelium. The appearance 
of tbe urine is turbid, the odor is ammoniacal^ and the sediment 
sticks to the glass or vessel upon standing. Tlie micro-organisms 
most otten met with in cystitis are as follow ; The 8taphylo€Qccu& 
pyo(f€ne$ aureu^y albus^ and cUreus ; the Btrepiococcus pyogenes; 
the urobacillua liqui/acicna gepticus ; and the bacillus colt com^ 
muniis. These are all pathogen ie genus. Those most frequently 
met with are the bacillug cvli communis^ and next is the staph y* 
hcoccus pyofjeneB aureus^ 

Prominent Clinical Features,«-Frequentniicturitiou, pain, and 
pyuria are the most eonstmit symptoms of cystitis. Frequent 
mieturition varies with the intensity of the disease and the sensi* 
tiveness of the bladder. In acute cystitis the desire to micturate 
is nearly continuous* The frequency is increased upon standing 
or walking, while rest tends to relieve it The pain also varies 
according to the acoteness of the attack* The paiu is often very 
intense at or just before the beginning of micturition, is more or 
less relieved during the flow of urine, while at the close of mic- 



ttirition, and i mm ed lately following, for a few fteconds the pain 
l>ecomes greatly increa?*ed. The kitter is most notably the case 
when cystitis is asssodated with atone or prostatitis. In cases of 
highly ammoniacal urine considerable pain ia often experienced 
during the act of micturition. There is more or less discomfort, 
sonietimea amounting to pain, with sensation of weight above 
the pubis, in cystitis^ Lrrespcetive of the act of micturition. The 
bladder is sensitive to rectal touch, as well as to instrn menta- 
tion, and also to distension by injections of fluids, howerer 
bland they may be. nffi-morrhage, if pref?ent, indicates, aa a rule, 
the more acute grades of cystitis, unless in large amounts^ which 
are more common in ehronic forms. Constitutional symptoms 
are absent unless the disease be associated with tuberculosis, 
malignant disease, etc 

Vesical Stonk, 
The etiology and symptomatology of calculous disease have 
already been considered in detail. More than one-half the cases 
of vesical stone met with in hospital practice occur before the 
age of puberty; al>out 22 per cent, occur between the ages of 
50 and to years ; while not above 2 per cent, are met with above 
70 yeHrVs of age. The statistics of Sir Henry Thompson, as well 
as those gathered from large hospitals, substantially confirm the 
above proportions. In private pmctice, however, the above pro- 
portions are almost directly reversed. Thus, in Sir Henrj^ 
Thompson's private practice the patients between 50 and 70 
years of age comprised 65 per cent, of the whole; and those 
over 70 comprised 22 per cent of the whole; while tliose under 
16 comprised less than 1 per cent* From those facts Sir Henry 
Thompson draws the following deductions: ** Insufldoient food, 
clothing, and fresh air^ the necessary accompaniments of poverty, 
appear to encourage calculous formations among children^ but 
not among adults. Habits of self-iudulgenee, in relation chiefly 
to diet and indolence, encourage calculous formations in. early 
adult males, but the children of such parents are not affected. 
Hard physical labor and a regimen which necessarily contains 
simple diet, largely cereal, with animal food in small proportion, 
Bven although often associated with intemperate habits and 
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unhealtby dwellings, discourage calculous formations among all 
claaeas of the community alike." The foregoing only applies to 
primary formationa. 

The Urine. — Before the onset of cyf^titis the urine may remain 
but little changed from the normal. The quantity is normal; the 
specific gravity ia not niateriaUy altered ; the urine remains clear, 
tending to increased color, perhaps, and the reaction may be 
either acid or alkaline. The history often reveals habitual de- 
positB of red sand or white, gritty powder for raoiitha or years 
before special symptoms appear. In the early stages, when, to 
all appearances, t lie urine remains normal, the microscope usually 
reveals the presence of uric-aeid crystals or those of calcium 
oxalate, together with scattering blood* and pus- corpuscles. 
Cystitis sooner or later appears, wlien the urine becomes cloudy 
from increased pus formation, together with the presence of epi* 
thelinm^ crj'stals of uric acid, calcium oxalate, triple phosphates, 
or amorphous urates or phosphates. If tlje urine remain acid 
the crystalline deposit will l>e uric acid or calcium ovulate, often 
both together. If the urine be alkaline the cry stjil line deposit 
will consist of triple phosphates, and the pus deposit will be 
more or less viscid and sticky. The degree of pyuria indicates 
the extent of denudation or ulceration of the mucous surface of 
the bladder* Blood is often present in variable amount, but rarely 
excessive. Albumin is always present in the urine if cystitis 
co^exist, and frequently in excess of the contained pus or blood. 
Micro-organisms are present also in all cases attended bj cystitis, 
and for the most part of the same order. 

Clinical Features, — Pain is present as one of the mast typical 
features^ tending to reflection along the urethra, in the testes^ or 
down the thigh s, Pain is sharply increased at the close of mic- 
turition and for a few seconds afterward, especially noticed in 
tlie glans penis. Spasm of the bladder is common at the close 
of micturition. The pain is always increased by the erect pos- 
ture and by motion^ including riding, walking, and even by turn- 
ing in bed sometimes. There is more or less increased frequency 
of micturition, augmented by motion and relieved by continued 
rest and recumbency. Micturition is sometimes suddenly shut 
oir in the middle of the act^ in consequence of the stone rolling 
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forward over the urethral inlet. On lying upon the back this 
symptom is relieved. 

Hematuria U the rule in this diieasei the blood usually being 
clear, bright in color, and ugnally consistii of a few drops at the 
close of micturition, the urine at the beginning of micturition 
being mostly free from blood. Sometimes hemorrhage is more 
considerable J and the blood becomes more generally diffused 
through the urine in such eases. Hematuria is increased by 
movement, as walking and riding, etc, and is relieved by rest 
and recumlHincy, and therefore it is alwiij^s less in the morning 
and more in the latter part of the day or in the evening. To 
complete the diagnosis exploration is often necessary. This may 
be done (a) per vaginavi or rectum by means of the finger; (b) 
by means of the vesical sound ; (c) by means of the cystoseope ; 
(d) by digital examination through the dilated nrethra in womem 
The most satisfactory methods are those of the sound and the 
cystoseope. 

Trsical TuBERcuTxisra 

Primary tuberculosis of the bladder is comparatively rare, 
and when present it invariably begins in tbe trigone. More 
often it results from extension of tiil>ercular disease from the 
prostate, testes, or recto-vesical fold of the peritoneum, less 
often by infection from the upper portions of the urinary tract. 
The bladder may become infected from above either by direct 
extension of the disease along the ureter or by inoculatioE 
through the urine from tuberculous kidney* 

When infection occurs from surface Inoculations through the 
urine from above the symptoms rapidly supervene and tbe dis- 
ease is acutely progressive. On the other hand, when the disease 
is primary the symptoms are more slow in development and the 
course of the disease is more apt to be protracted. 

The Urinc^^Blood is usually present in the urine in this 
lesion in small amount, often transitory and recurrent, a few 
drops often following tbe close of micturition, as in stone. 
Sometimes, however, hiematnria is pronounced, in consequence 
of ulceration about tbe tubercular deposits. The urine contains 
small quantities of pus from the beginning, which gradually 
increase until appreciable deposits thereof are regularly present. 



33t URINARY mAQNOSIS. 

The urine is raurky, of light color, of normal specific gravity, 
and it is usually feebly acid or neutral until it becomes ammo- 
niacal from the presence of cystitis. The urine is not especially 
offensive, although it may be ammoniacal, as just stated. 

With the occurrence of cystitis all the features of the urine 
characteristic of that disease supervene, and that in the most 
pronounced form. These include pyuria, htematuria, deposits 
of triple-phosphate crystals, amorphous phosphates, epithelium 
in states of progressive necrosis, and micro-organisms in abun- 
dance. 

Prominent Clinical Features. — These patients are young, usu- 
ally from 15 to 30 years of age, with famil}' histories of tuberculous 
disease in some form. The early symptoms consist of increasing 
frequency of micturition for a few mouths, especially during the 
day. Blood appears in the urine, and with this the patient begins 
to rise at night to micturate. The pain in micturition is referred 
chiefly to the mid-penis. Sharp, vesical tenesmus becomes devel- 
oped as the disease proceeds, and in such cases the pain is 
increased at the finish of micturition. The constitutional symp- 
toms include debilit}', emaciation, weakness, elevation of temper- 
ature in the evening, and night-sweats. With these symptoms 
are often associated tuberculosis of the lungs, joints, glands, or 
elsewhere. 

Differential Features, — Tubercular cystitis in many of its 
manifestations resembles stone in the bladder. Tul)erculosi8 of 
the bladder, however, is more frequent in youth ; the family his- 
tory is often tuberculous ; the irritability of the bladder is often 
marked at night, greatly disturbing the patient's rest; haematuria 
is often sudden and without apparent cause, bciugless dependent 
upon exercise ; there is greater relief from pain at the close of 
micturition; pain is in mid-penis, rather than in glans penis; 
there is persistent post-scrotal perineal pain ; the urine is light 
in color, murky, inodorous, and purulent from the beginning, and 
periods of quiescence of the symptoms do not correspond to qui- 
escence and rest of the patient. In late stages evening temperature 
is present, marked constitutional symptoms arise, implication of 
epididymis is common, and knobby or shotty feel of prostate |>er 
rectum points to the tubercular character of the disease. 
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Cancer op the Blabdee. 

The great majority of malignant growths of the bladtler are 
of the carLuiiomatous order. Carcinoma of the bladder usually 
begins at the base of the organ, or, more accurately speaking, at 
the lower third of the organ. It manifests a peculiar tendency 
to long remain a local disease, with little tendency of es: tension 
to neighboring strnetures* This has been explained by the 
BC&rcity — according to some, the absence--^f lynipUatics in the 
bkdder-walls. 

The Urine. — The urine contains blood in the vast majority 
of these cases. Seldom being entirely abweiit from the urine, it 
ia subject to periotis of marked augmentation without any ap- 
imrent exciting cause. Attacks of marked ho^maturia are quite 
as likely, therefore, to occur at night as during the hours of ex* 
ercise through the day; The quantity of blood is often greater 
than in almost any other disease of the urinary organs ; so that 
the bladder is liable to become partly filled with large blood- 
clots- As a rule, the quantity of blood in the urine irregularly, 
but continuedly, increases as the disease advances* The color 
of the blood is usually bright red^ es^iccislly when it is abun- 
dant, but if in small quantity it may be dull red or brownish in 
appearance. The blood is not intimately mingled with the urine 
as it is in renal h^ematuria. 

The urine often coutains shreds or detached bits of the morbid 
growth, which may even be noticeable to the patient. To the 
naked eye these appear as " washed-out " bits of tissue, which 
in reality they are, and they vary in size from minute specks to ' 
pieces as large aa a pea or small bean. Their presence merely 
indicates the presence of some growth without indicating its 
character. No trustworthy inferences are to be drawn as to the 
nature of these shreds from microscopical examination, since 
both malignant and benign growths of the bladder may present 
papillary surfaces of practically the same microscopical appejir- 
ance. Since, however, such shreds are most frequently the 
product of papillomata or malignant growths, their presence 
may be considered as simply presumptive of one or the other of 
these forms of growth. 

The urine nearly always contains an abundant sediment In 
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malignant disease of the bladder, of which epithelium constitates 
a prominent feature. The epithelium is of small or moderate 
size, but with very large and plainly-visible nuclei. The quan- 
tity of urine remains normal, as does the specific gravity, save 
in late stages, when the latter becomes somewhat reduced. The 
urine is turbid, often brownish red, and the reaction is acid until 
cystitis becomes established ; with the appearance of the latter 
there is pyuria, ammonuria, bacteriuria, and the usual accompany- 
ing symptoms. 

Prominent Clinical Features.— Pain is a prominent and early 
aymptom, usually preceding the haematuria. The character of the 
pain is often sharp, radiating to the thighs, above the symphysis 
pubis, or in the post-scrotal region. The pain is not especially 
increased by movements. Fenwick has recently called especial 
attention to the fact, as he claims that, if the disease do not in- 
vade the trigone, pain ma}' be practically absent until a late 
period of the disease. This may account for the occasional ab- 
sence of pain almost throughout the disease. Frequency of mic- 
turition is more or less pronounced from the beginning, and this 
is attended by pain, which is most notable just before the begin- 
ning of the flow. Rectal examination develops local tenderness 
and patches of induration. 

Benign Vesical Growths. 
The chief varieties of benign growths met with in the bladder 
are papilloma^ myxoma, and myoma Of these, papillomata are 
by far the most frequent. These consist of proliferations of the 
natural structure of the vesical mucosa, forming papilke or pro- 
trusions covered with cylindrical epithelium. Sometimes these 
papillae are long and slender and float in the urine in numerous 
filaments from a common base or stalk. Examined in a dry state 
they collapse and form a soft, " strawberry-like " mass. The base 
or pedicle always contains more or less fibrous tissue, and usually 
some non-striped muscular fibres. Sometimes the growth ex- 
pands to form a polypoid-like mass of more decided firmness, or 
it may have a wider attachment to the bladder. Again, it some- 
times appears expanded into several bunches not unlike cauli- 
fiower. When the fibrous elements are numerous the structure 



BEWTQK VESICAL GROWTHS, 33ft 

le more dense^ and this forra has been termed ^^ fibrous pajnl* 
Zoma.'* The latter are, for tbc most part, tumors of some con- 
siderable solidity, and often have comparatively limited papillary 
margins. 

The myxoma, or simple miicons polyp, is rarely met with in 
the Mmlih^r; tUns far, only iu childhood. Sometimes it is con- 
genital. The growth is that of fibroid undergoing mucoid trans- 
formation. This growth is single, ped it n dilated in form^ and 
resembles the ordinary naftal polypus, 

Myoma is only occasionally met with in the bladder* It is 
nsually of moderate size, with wide base, round or oval in form, 
rather firm in consistence, and chiefly made up of muscular fibre, 
evidently the outgrowth of the muscular coat of the bladder. 
The last two describetl growths are so uncommon in the bladder 
that for practical purposes papillomata only require speci&l con- 
siders ti on. 

The Urine. — Tlie most important feature of the urine in 
papilloma of the bladder is the presence of blood, — hematuria. 
This occurs e^rly, and at first in paroxysms, followed by more or 
less lengthy intervals of absence. Commencing insidiously, often 
appearing in the form of smaU dark clots, " like JHes^'^ appearing 
and disappearing alternately for a few days at each time ; or 
again, the urine, instead, may appear slightly blood-stained, or a 
little clear blood may appear at the close of an otherwise mictu- 
rition of clear urine ; or, again, the whole urine voided may appear 
bl ood y , — da r k * *■ coff'fie^olored . " The hfiem at u ri a u s ually p res ents 
these various types in succession, without other prominent feat- 
ures, for long periods of time, — often for years. Sooner or later, 
however, attacks of more or lesa profuse hiemorrhage occur and 
recur as the growth increases. The blood is not of pronounced 
arterial color, but more inclined to darker shades. Aside from 
the presence of blood in the urine, the latter is not otherwise 
eRi>ecially altered in its physical characters ; the specific gravity 
and volume remain about normal ; the solids are relatively and 
absolutely unchanged ; and the urine remains acid^ though often 
feebly so, until Inte stages, attended by cystitis, when the reaction 
may become alkaline. 

The urine contains considerable sediment of a finely-floceulent 
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nature, brownish red in color for the most part, and contains 
blood-corpuscles, more or less pus, epithelium, and often ragged 
shreds of tissue. The deposit of epithelium from the vesical 
mucosa is a prominent feature of the sediment, often exceeding 
that in any other condition. With regard to the shreds often 
voided with the urine in these cases, it was formerly held that 
microscopical examination of these readily established the nature 
of the growth. Unfortunately, however, more extended experi- 
ence has shown that, while the epithelial character of these 
pieces is easily enough recognized, yet, in consequence of the fact 
that any bladder-growth, benign or malignant, may possess a 
peripheral epithelial fringe, no positive deductions can be drawn 
from their recognition. We are only able to say, presumptively 
from these, that papilloma is most probable, because it is most 
frequently attended by the appearance in the urine of those 
structures recognized as epithelial formations. 

Prominent Clinical Features. — The most prominent symptoms 
are long duration of haematuria without marked pain or other 
associated symptoms. In other words, haematuria precedes, for 
longer or shorter periods, vesical symptoms, such as pain and fre- 
quent micturition Some slight increased frequency of micturition 
develops after a time, with tendency to increase with the progress 
of the disease. Pain is scarcely ever a pronounced feature of 
the disease, usually only so when obstruction occurs from clot 
or growth situated near the margin of the urethra, when it may 
stop the flow of urine. In cases of this order tenesmus, frequent 
micturition, and pain become prominent, and may even precede 
the hsematuria. The general condition of the patient remains 
normal, save, perhaps, anaemia, which is apt to result to a greater 
or less extent, according to the amount of the hsematuria. 



SECTION XIL 

THE URINE IN OTHER DISEASES. 

SiBfPLs Pyrexia. 

Certain changes in the character of the urine in pyrexia are 
sufficiently constant to merit the term ^^ pyrexial urine " often 
employed. Generally speaking, these comprise diminution in 
quantity or, more accurately speaking, deficiency of water; 
increased color, due to increase of pigment, both relative and 
absolute ; increased acidity, and high specific gravity. In addi- 
tion to these physical changes in the urine, provided no acci- 
dental circumstances interfere, more important changes take 
place in the composition of the urine. Among the most promi- 
nent of these changes is a decided increase, both relatively and 
absolutely, of the nitrogenous elements, viz., urea and uric acid. 
Since, for the most part, but little food is taken in pyrexial 
states, and the urea and uric acid rise considerably above the 
healthy range, we must conclude that the pyrexial state entails 
a more or less pronounced waste of tissue. While the amount 
of uric acid excreted varies in different forms of pyrexia as 
well as in different cases of the same fever, it is undoubtedly 
more uniformly increased than is any other urinary constituent. 
This increase of uric acid is proportionately independent of 
urea, which seems somewhat paradoxical considering that they 
are both derived from the same tissue-base. In addition to the 
increase of uric acid and urea, hippuric acid is often present in 
the urine in large quantity as a consequence of the pyrexial 
state, indicating, in all probability, a disturbed function of the 
liver. 

The increased excretion of pigment is chiefiy due to the de- 
structive metamorphosis of the red blood-corpuscles, the latter 
being a well-known result of nearly all forms of fever. As might 
be expected, considering the excess of uric acid and urea, the 
sulphates are also markedly increased in pyrexia, constituting 

(341) 
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another evidence of the destructive metamorphosis of nitrogenoos 
(sulphur-holding) tissues. 

The chlorides and phosphates, as a rule, are reduced, both 
relatively and absolutely, in pyrexia. With regard to the former 
the diminution is probably due, at least in part, to retention ; but 
as regards the phosphates (save in cases of acute inflammations 
of the nervous or muscular tissues) there is undoubtedly de- 
ficient excretion. 

As a whole, then, pyrexia entails an excessive excretion of 
solids by the urine. This excessive excretion begins with the 
onset of fever, and usually maintains a parallel ratio with the 
temperature; in short, the presence of the latter invariably 
implies the former. The urine often contains a small percentage 
of albumin in simple pyrexial conditions, and the same may be 
said of acetone. 

The urinary sediment in pyrexia is often considerable in 
amount, and consists of uric-acid crystals, urates, sometimes 
scattering hyaline casts, a few leucocytes, and epithelium. Aside 
from the modifications of the above features of the urine by special 
forms of fever, typical pyrexial urine is subject to certain vari- 
ations through certain special circumstances, as follow : When, 
during the course of a fever, an organ becomes the seat of disease, 
where tissue-changes furnish special urinary products, the prod- 
ucts may appear in the urine in excess. As examples, note the 
increase of phosphates in the urine in infiammatory diseases of 
the nervous system, and the increase of bile-acids in hepatitis. 
The overaction of other eliminating organs may disturb the 
type of febrile urine. Thus, the diarrhcBa of typhoid fever 
modifies the character of the urine, as likewise does the sweat- 
ing stage of intermittent fever. These are a few of the influ- 
ences that may produce special variations of the febrile type of 
urine to a limited degree; but, on the whole, the general py- 
rexial characters stand out with sufllcient prominence for general 
recognition. 

It may be stated, as a general rule, that the amount of tissue- 
metnmorphosis, as indicated by the excretory waste in the urine 
in fevers, constitutes a good indication of the severity of the 
disease, — often, indeed, better than the thermometer or pulse. 
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TTpon sob&idenoe of pyrexia the urine assumes directly the 
oppoiite characters of the pjTexial state. The cbloriden become 
iDcreaeed^ while the urea, uric acid, phosphates, and pigments 
are below the normal range. The volume of urlue is increased. 
In short, everything points to delayed metamorphosis^ conserva- 
tion of tissue, and repair. 

Acute Infectiqub Diseabeb. 

Typhoid Fever. — The quantity of urine is diminished about 
50 per cent, during the febrile stage of typhoid , and the volume 
gradually rises tu normal in the third, fourth, or fifth week* 
The Bpeciflo gravity of the urine ranges from 1*025 to L030, 
occasionally reaching as high aa L040* The quantity of urea is 
increased 25 per cent, or over; as high a range as 78 grammes 
per day has been recorded. In cases of marked splenic enlarge- 
ment, copious hemorrhages, and complicating nephritis the 
quantity of urea becomes lessened instead of increased. The 
chlorides suffer marked reduction, especially during the first 
week, but they gradually inc reuse as convalescence approaches, 
while with urea this order is reversed. The uric acid is uni- 
formly increased, the increase being relatively greater than that 
of urea. The gross amount of uric acid increases usually until 
about the end of the second week, when it reaches about double 
the normal range. Deposits of urates are common. The phos- 
phates are somewhat diminished, and the pigments are increased 
relatively and absolutely* The reaction of the urine is sharply 
acid when voided^ but often rapidly turns alkaline upon stand- 
ing, owing to ammoniacal transformation of the large output of 
urea. 

AlbumiEL is present in the urine in a large proportion of the 
cases of typhoid fever, probably in the majority. Few observers 
place the proportion less than 20 per cent* of the whole, while 
some claim to have found it in nearly all cases, The author*s 
observations lead him to conclude that albuminuria is present in 
from '?0 to 80 per cent, of all eases of typhoid. The quantity 
of albumin in the urine is usually small; but occasionally it is 
decided in quantity, and is attended by nephritis. In such cases 
the prognosis of the disease is always to be considered grave. In 
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mo9t cases the albaminaria is temporary, setting in soon after 
pyrexia becomes established and sabsiding soon after lbs latter 
disappears. In a rerj considerable proportion of tbc cases, 
howerer, — larger than has been generaUy sn|^>08ed^ — allmmin> 
nria fails to subside with pyrexia, and becomes pennaneni. 
Leucio and ty rosin are asnally to be fonnd in the nrine in 
typhoid, although in no very decided quantities. 

Renal casts, epithelium, and blood are frequently seen in the 
nrine. Indeevl, with n^rd to casts, it is probable that they are 
nearly always to be found during the first and second weeks, if 
carefully sought. The typhoid bacillus is present in the urine 
in a large proportion of typhoid-fever patients, — in fact, it has 
been demonstrated thus far in about 80 to 25 per cent, of the 
cases examined. Moreover, the presence of this bacillus often 
continues in the urine for two and even three weeks after the 
temperature returns to normal and the patient is convalescent, 
whicli shows the dangers that may arise from infection if care 
be not exercised in disposing of the urine in these cases. 

The roUowing claims are made by Ehrlich regarding the 
diazo reaction in typhoi<l fever: ^^ The reaction is found 
in typhoid fever after the fourth or fifth day, and if ab- 
sent the diagnosis is doubtful. If the reaction be slight, 
and only found for a short time, the case will usually be 
very mild. In simple febrile intestinal catarrh, chlorosis, hy- 
dra;niia, diabetes, and in diseases of the brain, spinal cord, liver, 
and kidneys, the reaction is never obtained. The reaction is 
obtained occasionally in phthisis pulmonalis, rarely in measles, 
pysemia, scarlet fever, and er}'sii>elas.'' 

*^ The diazo reaction in typhoid has no dependence upon the 
height of temperature, nor is it influenced by the medication. 
The morning and evening urine give the same intensity of reao- 
tion. If the reaction cease in the second or third week, the rule 
is that the fever will early decline and the further course of the 
disease be mild. On the other hand, long-continued reaction 
indicates severity and long continuance of the disease. If relapse 
occur, the reaction returns if it has previously disappeared." 

The importance of the subject justifies a repetition of the 
essentials of the test, especially since it is strongly probable that 
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much of the diversity of views as to the value of the reaction in 
typhoid fever has arisen in consequence of faulty methodsi in 
performing the test. 

The principle of the test depends upon the fact that diazo- 
sulphobenzol unites with certain aromatic substances met with 
in the urine in typhoid, which form analines. The diazo- 
sulphobenzol being unstable, Ehrlich obtains it fresh for testing 
by keeping sulpho-anilic acid in solution with hydrochloric acid. 
To this solution sodium nitrite is added, which liberates HNO^ 
and forms diazosulphobenzol. A full description of the test 
and the proper method of its manipulation are described on 
pages 134 and 135. 

Scarlatina. — The urine in scarlatina assumes the usual febrile 
characters, more or less marked in proportion to the degree of 
pyrexia present. During the first week the volume is reduced, 
the urea and uric acid are increased, and sediments of urates are 
precipitated. The chlorides are often decidedly reduced. From 
the sixth to the eighth day, if the disease proceed favorably, the 
urine becomes abundant, pale in color, and the general characters 
approach the normal standard. 

But the urine in scarlatina should always be the subject of 
special observation, in consequence of the fact that it is often 
especially affected in this disease. This is due to the frequent—- 
almost invariable — implication of the kidneys some time during 
the course of the disease. Recent observations on an extensive 
scale indicate that nephritis exists in scarlatina, either in acute 
form or in mild, evanescent attacks, almost as constantly as the 
rash or the angina. The number of acute cases of nephritis 
attended by dropsy and high grades of albuminuria in scarlatina 
is estimated as about one in every six cases met with,^ though 
the proportion varies greatly in each special epidemic of the 
disease. 

As a rule, albumin appears in the urine about the fifth to the 
eighth day, usually subsiding within about nine days if the dis- 
ease proceed favorably. The quantity of albumin in the urine 
is subject to the widest variation, sometimes amounting to mere 

> See section on ** Scarlatinal Nephritis " In Bright's Disease and AlUed 
Kidney AffecUons, by the author. Lea Bros. A Co., PhUadelphia, 1886. 
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traces, while, again, the urine becomes almost solid with albu- 
minous coagulum when boiled or treated with albumin precipi- 
tants. A few cases are on record in which both nephritis and 
dropsy were present in scarlatina, while albumin was absent from 
the urine. 

Casts are almost invariably to be found in the urine if care- 
fully sought for. In cases proceeding favorably the casts are 
chiefly hyaline, often preceded by the so-called cylindroids of 
Thomas. If nephritis become established, the sediment contains 
the usual elements characteristic of that lesion, more or less 
pronounced in proportion to its grade. Thus, we may meet with 
epithelial and bloody casts, as well as granular, in chronic cases. 
In addition to these, free blood-corpuscles and often large 
showers of round epithelium are observable. As occasional 
features, the urine in scarlatina has been found to contain sugar 
in small amount, hsemoglobin in severe — usually malignant — 
cases, and sometimes peptone or, more accurately speaking, 
deutero-proteose, which is usually taken for peptone. 

Albuminuria sometimes subsides during the early course of 
scarlatina, to re-appear later with nephritis. If acute nephritis 
of pronounced tj'pe occur in scarlatina, it usually appears about 
the eighteenth to the twenty-fourth day ; more rarely it arises in 
the latter part of the second week ; more rarely still during the 
fifth week. 

Cholera. — During the algid stage of cholera the urine is more 
or less completely suppressed. This is due, in the main, to 
collapse, — weakened circulation, — perhaps to some extent, also, 
to thickened blood and exudation into the renal tubules. After 
the cold stage is passed the volume of the urine slowly increases, 
or it may remain suppressed ; in the latter case the patient dies 
comatose. If the secretion of urine become re-established, it 
usually does so during the third day from the attack, — forty- 
eighth to the seventy-second hour. The quantity of the first 
urine is small, gradually increasing if the patient recover ; and 
on the fifth or sixth day the volume reaches the normal range, 
or often considerably above. The specific gravity of the urine 
at first, upon re-appearing, is below normal, — often 1.006 or 1.008. 
It may frill still lower at first, but gradually rises to normal as 
convalescence is established. 
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The quantity of urea in the urine is greatly reduced in 
cholera, — in fact, during the first day it may amount to but 
2 or 3 grammes, and Bigbie even found it absent. It usually 
increases somewhat on the second day, and in favorable cases it 
increases on the third to the sixth day to considerably above the 
normal range. The prognosis may be considered favorable in 
proportion to the amount of urea excreted in cases which have 
passed the algid stage. Uric acid is usually present, though in 
reduced quantity. It often falls out of solution in a colorless 
state, owing to the absence of pigment in the urine. The phos- 
phates are greatly reduced in the first urine passed ; but, like 
urea, they become markedly increased with the re-establishment 
of the urine, and for several days even considerably exceed the 
normal amount. The chlorides at first are absent, or nearly so ; 
after the fourth or fifth day they gradually return, and increase 
to, but rarely very much above, normal. The increase of chlo- 
rides is considered as even more favorable a prognostic sign 
than that of urea. As the urine becomes re-established its 
acidity becomes greatly increased. The normal urinary pig- 
ments are nearly absent for the first two days, graduall}*^ return- 
ing by the sixth day or so to the normal range. The first urine 
voided in all cases contains so-called indiean — indoxyl-potassium 
sulphate — in marked quantities. Indeed, before the isolation of 
the cholera bacillus the presence of this substance in the urine 
was by many considered the best diagnostic indication of cholera 
where the symptoms were so mild as to cause doubts as to the 
nature of the disease. Our knowledge of so-called indicanuria, 
however, has so far increased that we know it is not uncommon 
in intestinal catarrhs of various kinds, as well as in certain 
general diseases attended by pronounced albuminous transform- 
ation. 

The first urine passed in cholera almost invariably contains 
albumin. So constantly is this the case that, if the urine were 
always free from albumin in other forms of diarrhoea, cholera 
might almost be diagnosticated by the accompanying albumin- 
uria. As a rule, the albuminuria of cholera is of comparatively 
brief duration, subsiding within a week after its appearance. 
There is no doubt, however, that the albuminuria sometimes pur- 
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sues an acute course, accompanied by nephritis, which Utter Ib 
the direct cause of death by ursemic coma. As a general role, 
the quantity of albumin in the urine is proportional to the degree 
and duration of the algid stage. 

Renal casts are invariably to be found in the urine of cholera 
patients, as well as large deposits of epithelium. With these, 
blood-corpuscles and uric-acid crystals are usually found. Later 
on, calcium-oxalate crystals are deposited, either alone or asso- 
ciated with amorphous urates. 

Diphtheria. — The urine in diphtheria is decidedly reduced in 
volume, of high specific gravity, of sharply-acid reaction, and it 
deposits a copious sediment of uric acid, amorphous urates, ox- 
alates, and sometimes phosphates. The urine contains albumin 
in over 50 per cent, of the cases of diphtheria, varying in quan- 
tity from mere traces to the most prououuced types of albumin- 
uria. The albumin usually appears early in this disease. If of 
mild grade it sometimes subsides temporarily, and may occur 
even repeatedly. There is no doubt that the kidneys become im- 
plicated in many of these cases, but the tendency to spontaneous 
recovery from nephritis seems greater than in scarlatina or pneu- 
monia. The quantity of urea is largely increased, and this con- 
tinues throughout, unless the function of the kidneys becomes 
much crippled in consequence of associated nephritis. At the 
height of the disease the quantity of urea is often double the 
normal range. Renal casts are frequently present in the urinary 
sediment; less often, blood. Pus sometimes appears in con- 
siderable quantity as a consequence of pyelitis, which is often 
evoked by this disease. 

Variola. — In small-pox the urine assumes the usual typical 
features common to pyrexia, which continue until about the 
twelfth day. The urea is moderately increased, and reaches its 
highest average with the highest temperature. Even in the ab- 
sence of marked temperature and upon a spare diet the urea is 
still above the normal range. The uric acid is excreted pretty 
uniformly in excess throughout the course of the disease, and 
deposits of urates are constant. The chlorides are somewhat, 
though not decidedly, reduced. The sulphates suffer slight re- 
duction, though to no marked degree, probably only consequent 
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to the lessened quantity of food ingested. The pigment is very 
considerably increased. 

Albumin appears in the urine in about 30 per cent, of the 
cases of small-pox. It usually appears at the height of pyrexia, 
though in severe cases it often ap^^ears at the onset of the dis- 
ease. As a rule, albuminuria is only temporary in variola, the 
tendency to leave behind serious nephritis being comparatively 
slight, although such results sometimes occur. The presence of 
bile-pigment in the urine is a frequent and noteworthy fact first 
observed by Schonlein in these cases. In malignant forms of the 
disease the urine contains haemoglobin. In less severe cases 
hematuria is not uncommon, and often of pronounced degree. 
Casts, epithelium, and other evidences of nephritis are to be 
found in the urinary sediment in cases associated with albu- 
minuria. 

Yellow Fever. — Tlie quantity of urine is markedly diminished 
from the onset of this disease. In many cases it becomes nearly 
or even quite suppressed, and in such cases all the manifestations 
of uraemia follow. The reaction of the urine is usuall}- acid 
throughout the first stage, and becomes alkaline during conva- 
lescence. The color of the urine varies : it may be bright yellow, 
dirty orange-colored, greenish brown, olive black, or sometimes 
red from the presence of blood. The urine becomes albuminous 
almost without exception, and very often highl}^ so. A very 
close relationship undoubtedly exists between the more serious 
symptoms of the disease and the associated renal lesions, for in 
such cases albuminuria is always present in the urine, together 
with tube-casts, epithelium, blood, and the morphological ele- 
ments common to acute nephritis. In addition to this, all the 
usual phenomena of uraemia follow in most of such cases, but 
especially coma. The urea is greatly diminished; sometimes it 
is totally absent. The uric acid is also greatly diminished, and 
is even said to be absent in some cases. 

Typhus Fever. — The volume of urine is gradually, though 
not profoundly, diminished up to the third week of this disease. 
The color is increased up to the crisis, after which it becomes 
normal, and during convalescence it is lighter than in health. 
The reaction of the urine is sharply acid. The urine may remain 
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practically free from deposit, although about the crisis a deposit 
of urates is frequent. The quantity of uric acid is increased, 
though less marked, and less uniformly so than urea. The most 
notable feature of the urine, however, in typhus is the marked 
reduction in the quantity of chlorides, which in severe cases 
practically amounts to complete absence or retention. This is 
not due to diarrhoea, lack of food, or other readily explainable 
cause, but seems a constant feature of the disease itself. 

The urine in tj^phus is frequently albuminous, perhaps more 
frequently so than in tj'phoid, although there is some difference 
of opinion upon this point. Most arc agreed, however, that in the 
more severe forms of the disease albuminuria is the rule. The 
quantity of albumin in the urine varies much, but is frequently 
in large amount in serious cfises ; appearing usually toward the 
crisis of the disease, most often on or about the sixteenth day. 

Diseases of the Liver. 

Cirrhosis. — The quantit}' of urine is constantly diminished in 
cirrhosis of the liver, so constantlj^ indeed that a copious flow 
of urine may be considered strongly presumptive evidence of the 
absence of this disease. Diuretics act with diflSculty or fail to 
be effective until the congestion of the liver be modified by mer- 
curials or purgatives, and it is in such cases that calomel acts as 
a diuretic. The color of the urine is markedly increased, being 
dark, red, brown, and even blackish. The acidity of the urine 
is increased, and, unlike in pjrexial states, the acidity rapidly 
intensifies after the urine is voided. The dark coloration of the 
urine is due to the presence of bile-pigments in the urine. So 
constant, indeed, is the association of bile-pigment in the urine 
in this disease that it may serve to distinguish ascites of hepatic 
origin from that of peritoneal effusion, especially in non-febrile 
forms of the latter. The excessive bile-pigmentation of the 
urine in cirrhosis of the liver receives its most plausible expla- 
nation in the facts of long detention of the blood in the liver, 
where the red corpuscles are subjected to prolonged meta- 
morphosis. 

The solids of the urine vary widely in quantity in cirrhosis 
of the liver, chiefly in consequence of the great variability of 
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the appetite and digestion, the stomach being subject to more or 
less disturbance in these cases through implication with the cir- 
rhotic process. With a normal appetite and digestion the quan- 
tity of urea is subject to little change. On the other hand, the 
quantity of uric acid is pretty uniformly above normal, and 
often very considerably so. The chlorides are somewhat de- 
ficient; most so in cases attended by ascites, the ascitic fluid 
becoming heavily charged with sodium chloride. Deposits of 
amorphous urates and calcium-oxalate crystals are common. 
Albuminuria is rare, save in cases depending upon valvular 
lesions of the heart. The urinary sediment, as a rule, does not 
contain renal casts and other evidences of nephritis, save in very 
exceptional cases, mostly due to cardiac disease. 

Jaundice. — As a rule, the volume of urine suffers some reduc- 
tion in jaundice, although it is often quite up to the normal 
range. The quantity of urea, as a rule, is diminished ; the uric 
acid is increased; the sulphates are not especially altered in 
quantity ; hippuric acid is usually absent ; the urine is always 
highly acid, the acidity rapidly intensifying after the urine is 
voided. The color of the urine depends upon the presence of bile- 
pigments, and varies from saffron-yellow to dark greenish brown 
or sometimes porter color. The bile-pigments are sometimes pres- 
ent in the urine in very large quantity, as well as the bile-acids. 
Benzoic acid fails to be eliminated by the urine as hippuric acid, 
contrary to conditions of health. In marked cases sugar some- 
times appears in the urine, and this may be regarded as an 
unfavorable indication. 

The chief value of examinations of the urine in jaundice is 
to establish the diagnosis at an early period. Our present tests 
for bile-pigments enable us to ascertain when the disease is 
coming on, as these products appear in the urine very early. The 
presence or absence of bile-elements, as well as leucin and tyrosin, 
in doubtful cases assists in distinguishing between obstructive 
and non-obstructive jaundice. 

Acute Yellow Atrophy. — This somewhat rare and rapidly-fatal 
disease is attended by marked icterus and by extensive destruc- 
tion of the hepatic cells. The urine is strongly acid in this 
lesion, and contains both bile-pigments and the bile-acids. The 
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quantity of the urine is much diminished, though not suppressed, 
and the color is usually very dark brown. The urine usually 
contains leucin or ty rosin or both, the former nearly always, and 
sometimes in very large quantity. The quantity of urea is 
greatly lessened and sometimes nearly absent; uric acid and 
phosphates are usually reduced in quantity. The urine some- 
times contains albumin and casts, although with no great con- 
stancy, and when casts are present they often appear yellow from 
staining with bile-pigment. 

Articular Diseases. 

Acute Rheumatism. — In rheumatic fever the general features 
of the urine are typically those of pyrexia. The quantity of 
urine is diminished ; the specific gravity is increased, as is also 
the color ; the reaction is sharply acid, and on cooling the urine 
deposits sediments of deeply-colored urates. The quantity of 
solids is increased, but chiefly that of urea. The increase of 
urea usually reaches from 150 to 250 grains above the normal daily 
range. The quantity of uric acid is somewhat increased, though 
to a much less extent than urea. A copious precipitate of urates 
usually occurs at or shortly following the crisis of the disease, 
and as convalescence becomes established this tendency subsides. 
The chlorides are subject to a considerable reduction in quantity, 
though not to so extreme a degree as in pneumonia. The return 
of chlorides is comparatively early, usually as soon as the tem- 
perature declines to 100° F. and the joint-swellings begin to sub- 
side. The sulphates are increased in quantity to a marked 
degree, usually reaching double the normal range. In acute 
rheumatism and pneumonia the blood contains a marked excess 
of fibrin, and these two diseases furnish the most marked exam- 
ples of increase of sulphates in the urine of all acute fevers. The 
quantity of phosphates in the urine is not materially altered in 
acute rheumatism. 

Albumin often appears in the urine in small amount, but it is 
usually transient. Exceptionally it occurs in marked quantity, 
attended by nephritis. In such cases, morphological elements 
are found in the urinary sediment characteristic of nephritis. 
The kidneys, however, are less frequently, as well as less pro- 
foundly, affected than in pneumonia. 



▲BTIOULAE DISIASK& 353 

Acute Gout. — Before the attack of gout, or, in other words, 
between the paroxysms, the urine is more or less deficient 
in solids, especially uric acid, urea, extractives, and phos- 
phates. In the case of uric acid the reduction is greatest im- 
mediately before the attack, when it may, indeed, be totally 
absent. The same thing occasionally occurs in chronic gout 
during the formation of tophaceous deposits. 

During the attack the volume of urine diminishes more or 
less markedly. Exceptions to this rule occur in cases character- 
ized by chronicity. The frequent co-existence of cardiac hyper- 
trophy and early renal cirrhosis in chronic gouty subjects fur- 
nishes the key to the solution of the occasional polyuric form 
of gout, as well as those exceptional cases attended by deficiency 
of urea in the urine. As a rule, the excretion of urea is not 
materially altered during the paroxysm of gout. Garrod first 
pointed out the now well-known fact that the urine is greatly 
deficient in uric acid in gout ; and this applies both to the attack 
and the intervals between the paroxysms. Sir William Roberts, 
pursuing the chemistry of the subject further, has shown^ that 
the uric acid is retained and precipitated in the tissues in a state 
of combination as biurate. The urinary pigment, on the whole, 
is somewhat deficient in gout. Exceptions to this occur in cases 
attended by pyrexia. The phosphates of the urine are markedly 
deficient, notably those of sodium, which doubtless goes to make 
up the tophaceous deposits in the joints. The sulphates are not 
essentially altered in quantity. 

The urine frequently contains albumin, nearly always in 
minute quantity, and sometimes it is a permanent condition. 
Casts are often to be seen in the urine, nearly always of the 
small, narrow, hyaline order. These features are usually the 
result of accompanying cirrhosis of the kidney, which is very 
frequent in gout. Crystals of calcium oxalate are frequent 
features of the urinary sediment. In chronic gout this same 
deficiency of uric acid occurs throughout, though more intermit- 
tently so. 

^ Croonian Lectoret for 
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Diseases of the Nervous Ststem. 

Epilepsy. — In the interyals between the epileptic seizures 
obseryations thus far have failed to establish any changes of a 
constant character in the urine, although the urea, nric acid, 
chiorides, and phosphates have been claimed to be diminished. 
Immediately succeeding the attacks the volume of the urine is 
often markedly increased, of pale color, of low specific gravity, 
feebly acid in reaction, and sometimes contains albumih, more 
rarely sugar. During and immediately succeeding the attacks 
the urea and phosphates are increased and deposits of urates 
and uric acid are common. 

Hysteria. — Perhaps no physical phenomenon is more widely 
known than the marked increase and pale, aqueous appearance 
of the urine during or immediately succeeding an attack of hys- 
teria. The urine resembles precisely that voided after copious 
libations of water. The color is pale, "watery," the specific 
gravity is greatly lessened, the acidity is diminished, and the 
solids are relatively reduced. The quantity of urine voided by 
hysterical patients is sometimes very large ; two or even three 
pints is not at all uncommon at one passage. It is, perhaps, not 
generally or widely known that in hysterical states the urine is 
sometimes totally suppressed. Lay cock was the first to point 
out this fact, and more recently Charcot has called special atten- 
tion to this matter, and has recorded a case in which no urine 
whatever was secreted for eleven days. The utmost watchful- 
ness of the patient was ordered, so that deception was not possi- 
ble. The patient suffered much of the time from vomiting, 
and the ejections contained urea. No other serious symptoms 
ensued, and the urine was ultimately re-established sponta- 
neously. The author has observed, in cases of hysteria due to 
nervous exhaustion, that the volume of urine for twenty-four 
hours often becomes reduced to 15 ounces or even less, which he 
attributes to the deficient vascular tension and insufficient supply 
of nervous force to the kidneys. 

Meningitis. — The urine in meningitis is more or less highly 
concentrated. The specific gravity is accordingly high, but the 
reaction is weakly acid, sometimes alkaline. The phosphates 
lure greatly in excess, and are readily precipitated in large 
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amount upon boiling the urine. The chlorides are normal or 
slightly increased. The quantity of urea is uniformly above 
normal, the increase usually amounting to 25 per cent, or more. 
The urine usually contains a small quantity of albumin as a 
transient condition. 

Diseases of the Respiratort Organs. 

Pulmonary Tuberculosis. — The urine is subject to considera- 
ble variation in its characters in tuberculosis of the lungs, in con- 
sequence of the numerous incidental complicating conditions 
present, — such as diarrhoea, pyrexiul periods, copious diapho- 
resis or expectoration, — as well as the great variability in the 
quantity of food taken. As a rule, the volume of urine is some- 
what augmented. This is largely due to the increased quantity 
of water consumed, thirst being more or less constant in conse- 
quence of the pyrexia. During attacks of diarrhoea the volume 
of urine decreases temporarily, often to 30 ounces and sometimes 
even to 15 ounces. The same decrease precedes a fatal termina- 
tion of the disease. If the appetite remain good, and the disease 
be proceeding without marked disturbing features, the urea re- 
mains about normal in quantity, perhaps slightly below. Dur- 
ing marked hectic the quantity of urea diminishes decidedly, 
especially just before the rigors ; after the rigors it rises rapidly 
and reaches its highest excretion about an hour before the sweat- 
ing stage begins. In cases of intestinal irritation accompanied 
by vomiting, diarrhoea, anorexia, etc., the quantity of urea is sub- 
ject to sudden and decided decrease. Uric acid suffers little, if 
any, reduction ; in fact, it usually rises above the normal range. 
The sulphates are little, if any, affected,— perhaps slightly re- 
duced. The excretion of chlorides varies very much, the varia- 
tion depending chiefly upon the quantity of food taken, the 
degree of pyrexia, and the degree of elimination by the skin and 
bowels. The quantity of pigment varies in phthisical urine 
owing to the disturbing influences of hectic, diarrhoea, and py- 
rexia. A pink sediment is often seen in phthisical urine, es- 
pecially during hectic stages, and the precipitated urates often 
become of a pink or carmine hue. In cases rapidly progressing 
toward a fatal issue the diazo reaction of Ehrlich is sometimes 
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obtained in the urine. If this reaction be present for any length 
of time the prognosis may be regarded as nnfavorable. 

Albumin is often present in the urine of phthisis, the quantity 
being usually small, except in cases complicated by amyloid 
kidneys. The milder grades of albuminuria are chiefly due to 
impaired nutrition of the renal epithelium, though occasionally, 
perhaps, the result of pyrexia. Renal casts, epithelium, and 
blood are found in the urine exceptionally, the casts chiefly in 
cases complicated by renal lesions, of which amyloid disease is 
the most frequent, and this is usually associated with cases of 
marked chronicity. 

Pneumonia. — The general pyrexial characters of the urine 
are well marked in pneumonia. The quantity of urine is dimin- 
ished one-third to one-half. The quantity of urea is increased, as 
is also uric acid ; the greatest increase occurs on the so-called 
critical days. It is at such times that enormous deposits of 
amorphous urates are so often observable in pneumonia, — more 
marked than in other febrile diseases of equal degree of pyrexia. 
The specific gravity of the urine is increased ,~1. 025 to 1.035. 
Pigmentation of the urine is markedly increased, which inten- 
sifies the color of the precipitated urates to deep brown, red, or 
even carmine. The increase of pigment often reaches two or 
three times the normal range. 

The chlorides are invariably greatly diminished or absent 
during the early stages and commencing hepatization. This 
deficiency of chlorides continues until convalescence is well 
established, sometimes for several days after, when they re-appear 
in great excess, indicating their retention during the active 
stages of the disease. The absence of chlorides indicates a 
period of danger in pneumonia. The sulphates are uniformly 
increased in pneumonia from one-fourth to one-third above the 
normal range; only exceptionally do cases occur without being 
attended by this increase. The quantity of phosphates in the 
urine sufiTers more or less reduction. 

Of the morbid products met with in the urine in pneumonia, 
albumin is by far the most constant, the average being about 45 
per cent, of all cases. Albumin usually appears in the urine at 
the height of the disease, especially during the stage of consoli- 
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dation. Its appearance in notable quantity must be looked upon 
as an unfavorable indication; the death ratio reaches from 45 
to 50 per cent, in such cases, while in non-albuminuric pneumonia 
the death ratio is only about 15 per cent. The fact that albu- 
minuria is so frequent in pneumonia — perhaps as frequent as in 
any other febrile disease — strongly favors the now generally- 
accepted view of the infectious nature of the disease, for albu- 
minuria is now known to be one of the most frequent features 
of infectious fevers. Furthermore, the albuminuria of pneumo- 
nia is evidently independent of the intensity or extent of the 
local pulmonary lesions and of the disturbed function of the 
lungs, since frequently cases of the most extensive consolidation 
and urgent dyspnoea are unattended by albuminuria ; while, on 
the other hand, cases of comparatively mild grade are often 
accompanied by both albuminuria and nephritis. The kidneys 
are often seriously damaged in pneumonia ; the nephritis some- 
times remains comparatively latent throughout convalescence, as 
in scarlatina, to be discovered weeks or months after the pneu- 
monia has subsided, attention being called to the condition 
through ursemia, dropsy, or some of the usual symptoms of 
nephritis. From the above considerations, as might be expected, 
the urine of pneumonia often contains blood, epithelium, casts, 
and the usual products associated with nephritis. The urine 
also contains an excess of mucus, which renders the urine un- 
stable ; hence, the urine in pneumonia possesses a decided ten- 
dency toward alkaline decomposition, and its reaction quickly 
becomes alkaline upon standing. 

Exceptionally pneumonia is attended not only by diminished 
volume of urine, but also by decrease of the solids, including 
urea and uric acid. Such cases are almost invariably character- 
ized by delayed convalescence, diarrhceal attacks, and slow re- 
covery. The proportion of solids in the urine is, in fact, one of 
the most trustworthy guides for prognosis in pneumonia, and 
cases attended by diminished excretion never proceed so favor- 
ably as those in which the solids are excessive. 

During convalescence the volume of the urine increases ; the 
quantity of uric acid, urea, and sulphates, previously excessive, 
now gradually diminish to or below the normal range ; while the 
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chlorides, preyiously held back, now increase considerably above 
normal, often, in fact, to an extraordinary degree. 

Acute Pleurisy. — The urine in pleurisy presents the usual 
febrile type, though not so pronouncedly as in pneumonia. The 
volume is reduced ; the organic solids are increased, notably 
during pyrexia. Both urea and uric acid are somewhat ex- 
cessive. The chlorides, sulphates, and phosphates are but little 
changed ; sometimes there is a reduction in the quantity of chlo- 
rides, but not to any marked degree. Albuminuria is uncommon 
in pleurisy ; sometimes it appears in mild form, but it is usually 
of temporary duration. The urine often contains a very con- 
siderable amount of peptone, especially during the stage of reso- 
lution, when absorption of large serous effusion is in progress. 
Pleurisy presents an example of the fact that intense pain often 
causes but little effect over tissue metamorphosis, since few 
pyrexial states present so little alterations in urine indicative of 
tissue waste as does simple pleurisy. 

Acute Bronchitis. — The urine in bronchitis varies much in 
character in different cases. This, indeed, is to be expected, 
since the grades of the disease are of all degrees, from slight 
catarrh of the large tubes to disease including nearly all the 
small tubes of both lungs, with collapse of the air-cells, to the 
extent of entailing sharp dyspnoea. In the latter case the urine 
approaches the same characters as those in pneumonia. 

In cases of severe diffuse capillary bronchitis accompanied 
by dyspnoea, there is usually a marked diminution of nearly all 
the solid constituents of the urine, more so than perhaps in any 
other disease save cholera. Parkes records the case of a young 
man who, during two days, voided but 294 cubic centimetres of 
urine per day, containing only 244 grains of total solids, 176 
grains of which were urea, 10.8 grains of sulphates, and no chlo- 
rides. There was no albuminuria or symptoms of uraemia, and 
the urine became gradually established as the patient recovered. 
Moos has recorded a similar case in a girl who, during the height 
of the disease, excreted only 9 grammes of urea (139 grains) and 
2 grammes of sodium chloride. The conditions favoring the re- 
tention of chlorides are those interfering with proper aeration of 
the blood, and there is reason to believe that when these con- 
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ditions are extreme the same influence extends to the entire 
solids of the urine. The urine is occasionally albuminous in 
bronchitis, but this condition is nearly always transient ; impli- 
cation of the kidneys being rare. 

Diseases of the Digestive System. 

Under the term "dyspepsia" a number of symptoms are com- 
monly grouped which are often of widely different causation, and 
many of which are only recently becoming understood, notably 
some of the forms associated with auto-intoxication. In chronic 
disorders of the stomach and intestines the urine is often in- 
creased in quantity, of pale color, of lowered specific gravity, 
with a tendency toward alkaline reaction from fixed alkalL In 
consequence of the alkaline tendency of the urine, there is a 
proneness to precipitation of the earthy phosphates, and such 
nrine is often turbid from this cause when voided. As a sec- 
ondary consequence, vesical irritation is a common accompani- 
ment which not infrequently leads to the formation of gravel. 
The quantity of urea depends upon the digestive power of the 
stomach. Usually the quantity of urea in the urine is below 
normal, often markedly so; the quantity of chlorides correspond 
closely with the amount of food taken. 

In disorders of the intestinal tract attended by increased 
albuminous decomposition the urine is apt to contain large 
amounts of so-called indican, and this is especially favored by 
obstinate constipation or obstructive diseases. 

In organic diseases of the stomach and intestines, especially 
if associated with ulcerative changes, the urine often contains 
notable quantities of peptone. A mild type of albuminuria is 
sometimes associated with disorders of the stomach, and it is, 
indeed, remarkable how frequently the so-called functional albu- 
minuria is found associated with disorders of the stomach. In 
such cases, though the albuminuria is persistent, often extending 
over periods of years, it is rare to find casts in the urine or 
other evidences of nephritis. Small quantities of sugar are 
sometimes found in the urine in dyspeptic conditions. Of the 
urinary sediments found in digestive disorders, calcium-oxalate 
crystals and amorphous phosphates are the most common. 
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EXAMINATION OP URINE FOR LIFE-INSURANCE. 

The examination of the urine for life-insurance has for its 
object the determination of the presence or absence of diseases 
of the urinary organs which tend to abridge the normal expect- 
ancy of life. As a special field of urinary diagnosis, this has 
grown to very extensive proportions in nearly all civilized 
countries, and, since the interests involved are so important 
and wide-spread, the subject is well deserving of special con- 
sideration. 

The questions involved in the examination of the urine for 
purposes of life-insurance often call for a high order of skill and 
judgment for their accurate determination, and experience has 
demonstrated that the adoption of systematic methods of con- 
ducting the examination not only simplifies the subject, but also 
renders the conclusions reached more trustworthy. It has, there- 
fore, become the custom with many insurance associations to 
fhrnish certain rules as a guide in conducting examinations of 
the urine, which are intended to cover the more important points 
of information desired. Notwithstanding these precautions, life- 
insurance associations still find a very large percentage of their 
unprofitable risks arise through diseases of the kidneys which 
have escaped detection. It is with a view of contributing to the 
avoidance of such losses, on the one hand, and, on the other, of 
securing to applicants the privileges of life-insurance to which 
they may be fairly entitled, that the following suggestions are 
presented as a guide for medical examiners. 

A due regard for the interests of his company, as well as for 
his own reputation, should prompt the medical examiner to per- 
sonally ascertain that the urine about to be examined has been 
voided by the applicant. Substitutions of healthy urine by un- 
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healthy applicants are matters of undoubted facts in the history 
of insurance circles, and, though fortunately of infrequent occur- 
rence, the examiner should be on his guard against such possible 
source of imposition. The applicant should be directed to retain 
his urine for, say, two or three hours before presenting himself 
for examination ; and upon his arrival he should be given a clean 
glass vessel and requested to void therein his urine, which is 
always preferably done in the presence of the medical examiner ; 
but if this be impracticable, the temperature of the urine should 
be immediately noted in order to guard against possible imposi- 
tion. This method also secures a perfectly fresh sample of urine 
— always a matter of prime importance — and, moreover, voided 
at a time most desirable for the purpose, viz., after food and 
exercise; for it should not be forgotten that the urine voided 
on rising in the morning (which it has become somewhat 
the custom to furnish for these purposes) is the least likely to 
contain either albumin or sugar, when these are present in 
minute quantities. 

If the examination of the urine be unsatisfactory, or if there 
be reason to believe that the sample examined be not a fair aver- 
age, it will be advisable to have the whole twenty-four hours' 
product of the kidneys collected^ mixed, and measured, and a 
sample of this mixture examined, and compared with a freshly- 
voided sample of the urine. 

Physical Examination op the Urine. 

Having secured a perfectly-fresh sample of the applicant's 
urine, it should be allowed to stand until it cools down to a tem- 
perature of about 75^ or 78^ F.,and carefUl observation made of 
Its appearance and physical characters. If the color be very 
light (watery), it suggests diminished specific gravity, possibly 
hydruria^ — diabetes insipidus. Should the color be of decid^ 
greenish tint, the possible presence of sugar is suggested : 
should the color be unduly increased^ — reddish, — excess of 
urates or the presence of blood is inferred; in the first case 
suggesting rheumatic or gouty conditions ; in the latter, cal- 
culi or some organic renal or vesical lesion. The transparency 
or opacity of the urine should be carefully noted : if cloudy, add 
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a few drops of acetic or other acid to a sample in a test-tube, and 
if the urine become perfectly cleared thereby the earthy phos- 
phates in suspension was the cause of the opacity, their suspen- 
sion being due to diminished acidity of the urine, and it suggests 
some such condition as fasting, dyspepsia, or general debility. 
If the opacity of the urine fail to yield to the action of an acid, 
gently warm the upper layers of the urine by holding the test- 
tube over a spirit-flame, and if it now clear the opacity was 
due to suspension of the amorphous urates, the significance of 
which has already been stated. If, however, the urine still re- 
main cloudy after treating it with both heat and acid, the opacity 
is due to the presence of pus, bacteria or cellular elements, and 
the necessity of microscopical examination is suggested for diag- 
nostic purposes. 

The specific gravity of the urine should next be observed by 
the aid of a good instrument, — preferably a Squibb^s specific 
gravity instrument (urinometer), — and the range should be near 
1.020. If the specific gravity, however, be above 1.025, it sug- 
gests the possible presence of sugar; if below 1.018, it is sus- 
picious of the presence of albumin, and should lead to further 
investigations in these special directions. 

The chemical reaction of the urine should next be ascertained 
by means of litmus-paper. If found to be very sharply acid, as 
indicated by intense reddening of blue litmus, the possibility of 
the presence of sugar is suggested, since the urine is more 
sharply acid when it contains sugar than in most other con- 
ditions. Should the urine be frankly alkaline in reaction, as 
indicated by decided blue coloration of red litmus-paper, the 
paper should be dried in order to ascertain if the alkalinity of 
the urine be due to fixed or volatile alkali. If the red color 
return upon drying, after having turned blue in contact with 
the freshly- voided urine, ammonia is present or volatile alkali, 
and this siijrgests the presence of some chronic inflammatory 
condition of the lower urinary tract, most likely the bladder. If, 
on the other hand, the blue color remain permanent upon drying 
the paper, the urine is alkaline from fixed alkali, and indicates 
unusual alkalescence of the blood, which may suggest fasting, 
dyspepsia, or vegetarian habits of eating. 
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A careful survey of the physical characters of the urine, as 
Just indicated, will often lead further investigation in certain 
directions, and also lend confirmation to the points brought out 
by further investigations of the urine. But even though all the 
physical characters of the urine be found perfectly normal, the 
urine cannot be positively asserted to be healthy until search 
has been made at least for sugar and albumin, since either oi 
both of these may exceptionally be present in small amounts 
without their presence being indicated by a physical inspection 
of the urine. 

Chemical Examination. 

The most simple chemical examination of the urine for pur 
poses of life-insurance should, at least, include a search for sugar 
and albumin and a quantitative estimation of the urea. 

Albumin. — If the urine contain albumin in large or even 
medium quantity, it will be made apparent by almost any of the 
ordinary tests for albumin in use. When, however, the urine 
contains but minute quantities of albumin, the case is altogether 
different, and the greatest care is absolutely necessary not only 
to be able, in all cases, to positively identify it, but also to inter* 
pret its true significance. To the search for small quantities of 
albumin in the urine, therefore, the following considerations are 
intended chiefly to apply : — 

The urine in all cases should first be filtered before submitting 
it to albumin-reagents. After filtration of the urine one or both 
of the following methods may be followed : — 

1. Fill an ordinary test-tube half-full of the urine, and to this 
add ferrocyanide-of-potassium solution (1 to 20) to the depth 
of about an inch ; after mingling the urine and the reagent thor- 
oughly by inverting the tube a few times, add a few drops of 
acetic ncid and again invert the test-tube a few times until the 
urine and reagents are well mingled. Finally, stand the tube in 
a good light and note any changes appearing. If albumin be 
present, in a half-minute or so a diffuse, milk-like turbidity 
will gradually appear throughout the test, more or less pro- 
nounced according to the quantity of albumin present. If the 
reaction seems doubtful, it will be found useful to stand another 
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tube filled with the filtered urine beside the one containing the 
test for purposes of comparison. 

2. Fill a test-tube about half or two-thirds full of the filtered 
urine, and to this add about one-sixth its volume of saturated 
solution of chemically-pure sodium chloride. Next, mingle the 
urine and sodium-chloride solution by inverting the tube a num- 
ber of times, and then add a few drops of acetic acid. Lastly, 
heat the upper third of the test over a spirit-flame until it gently 
boils, and then stand the test in a good light for observation. 
If albumin be present, a white cloud, more or less dense, will 
appear in the upper, boiled portion of the test, while the lower, 
unboiled portion will remain clear and unclouded. 

Both of these tests possess the great advantage over most 
other albumin reagents of giving no reaction with nucleo albu- 
min or mucin. In point of delicacy they are probably as sen- 
sitive as at present attainable, coupled with trustworthiness. 

Heller's nitric-acid method has been much employed hereto- 
fore in insurance circles ; indeed, few, if any, albumin tests have 
become so popular and so generally adopted. Its simplicity 
leaves little to be desired. Then, too, many observers are 
wedded to the contact method of testing, and, certainly, when the 
eye is trained to this method it requires practice to acquire a 
new method. However, accuracy and trustworthiness are, after 
all, the prime desiderata in insurance as in all other urinary 
work, and after many years' careful and patient investigation 
the author does not hesitate to give the preference to the two 
tests above described over all other methods for detecting small 
quantities of albumin in the urine. 

The nitric-acid method of Heller is a ready and excellent 
test in the presence of considerable amounts of albumin in the 
urine. When mere traces of albumin are present, however, 
it requires from twenty minutes to half an hour to bring it 
to light with certaint}'. In addition to this the reactions of 
this test with mucin, oleoresins, urates, etc., require correc- 
tions and precautions which demand skillful manipulation and 
interpretation to reach trustworthy results; and, therefore, the 
interests both of tlie company and the applicant are best served 
by the use of the more trustworthy methods. The quantity of 
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albumin in the urine is most rapidly determined by the centrlfu* 
gal method described on page 83.^ 

Significance of Albuminuria, — Having positively identified 
the presence of albumin in the urine, in all cases its true signifi- 
cance should be next traced. 

As a rule, minute quantities of albumin in the urine are less 
likely to be the result of serious disease of the kidneys in young 
people than when met with in people beyond middle age. A 
very considerable percentage of such cases in the young belong 
to that class which has been termed physiological or functional 
albuminuria, terms which are meant to indicate that the kidneys 
are not structurally damaged. In such cases, in addition to the 
fact that the subjects are mostly young, the urine presents certain 
fairly uniform features, viz. : the specific gravity of the urine is 
usually increased to 1 .025 or above ; albumin is often absent from 
the urine on rising in the morning, but appears plainly after 
exercise, food, or mental excitement ; the urine is free from renal 
casts and significant morphological elements ; and the quantity of 
urea in the urine remains normal. While many such cases con- 
tinue for years without any marked changes either in the urine 
or in the general health of these subjects, yet a certain propor- 
tion of them ultimately develop into serious nephritis. The fact 
that we possess no positive data by means of which we can with 
certainty distinguish the special cases of this class which will 
ultimately terminate unfavorably from those which will pursue a 
favorable course, and, furthermore, since nephritis is more liable 
to arise from slighter causes in these cases than ordinarily, it 
cannot be affirmed that these cases are safe risks. It has been 
suggested by some authorities that these cases might be accepted 
for a limited endowment insurance of, say, five or ten years, but 

^ It has been shown (pages 88 and 84) that the untt of measurement of 
Esbach's albuminometer-tubes, as ordinarily supplied by the dealers, Is too large 
(1 gramme) for accurate measurement of small amounts of albumin in the 
urine. Messrs. Elmer & Amend, of 205 and 211 Third Avenue, New Tork, now 
manufacture and supply these albuminometers, the first three grammes of the 
reading being graduated In tenths of a gramme, which obylatea the aboye-named 
objection. Moreover, these tubes are specially adapted for use with the author's 
electric centrifuge, so that those who prefer Esbach's quantitatiye method to the 
author's may carry out the test in two or three minutes. 
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the safer course for the company would be delay for sufficient 
time to determine the ultimate course of the case. These ques- 
tions, however, will be determined by the medical director at the 
home office, to whom all the facts and particulars of such cases 
should be carefully reported. 

Traces of albumin are sometimes observable in the urine of 
perfectly healthy people, the reaction being due to dissolved 
morphological elements, and such is most frequently observed 
in women the subjects of leucorrhoea, or in men with slight 
bladder irritation. If such urine be permitted to stand in a 
conical glass for a few hours, or if it be submitted to the centrif- 
ugal apparatus, a deposit, mostly of epithelium and mucous cor- 
puscles, becomes plainly visible to the naked eye. The nucleo- 
albumin of these structures becoming dissolved out, often ren- 
ders the urine sufficiently albuminous to cause slight reaction 
in testing if the quantity of epithelium, etc., be abundant. lu 
may be necessary, therefore, in the cases of women, to direct a 
vaginal douche to be used previous to voiding the urine for 
examination, while in other cases it may be necessary to quell 
the vesical irritation by medical treatment before passing opinion 
upon the true state of the urine. 

Minute quantities of albumin are often observed in the urine 
of men at and beyond middle age, who not only appear perfectly 
healthy, but who have, as a matter of fact, enjoyed the most 
typical robust health all their lives. Among this class tvill be 
found the largest number of those cases which have always 
proved so unprofitable to life-insurance associations, through 
concealed or overlooked disease of the kidneys. 

Two features in this class of cases stand out so prominently 
that they are well calculated to mislead the medical examiner, 
viz., (a) the robust general condition of seemingly perfect health 
of the applicant and (6) the minute (often doubtful without careful 
testing) traces of albumin in the urine often accompanying these 
cases. These facts teach us two highly-important lessons which the 
medical examiner would do well to remember: 1. That a healthy 
appearance or healthy personal record of the subject carries less 
weight, in reaching conclusions as to certain pathological con- 
ditions of the kidneys, than in any other disease. 2. That the 
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presence of traces of albumin in the urine, however minutei are 
often the index of irretrievably-damaQtjd kidneys. 

Chronic interstitial nephritis, or so-called chronic Bright's 
disease, to which the foregoing facts especially apply, is nearly 
always the outgrowth and sequel to robust life, the kidneys 
l>eing the first organs to fail under the stress of long-continued 
functional activity in eliminating the waste-products, which are 
always excessive in people of large appetites and ample nourish- 
ment. These cases present the following typical features : The 
subjects are, as a rule, over 40 years of age ; usual history of 
robust health ; appetite always good, often heavy ; and the food 
has consisted largely of meat and highly-nitrogenous products. 
These people usually rise regularly at night— once, twice, or 
oftener — to void their urine, which, to all appearance, is normal 
and free from sediment. The urine, however, is usually of 
lowered specific gravity, — 1.018 to 1.014, — more or less deficient 
in urea, and contains a small amount — often mere traces — of 
albumin. Microscopical examination merely shows the presence 
of a few small, perfectly hyaline casts. The pulse is always full, 
hard, and resisting to the finger, — almost characteristically 
so; the second sound of the heart is abnormally loud, and in 
many cases enlargement of the heart is plainly to be observed. 
If the above-named points be kept in view, the medical examiner 
will have no difllculty in recognizing this dangerous class of 
risks. 

Sugar. — In searching for sugar in the urine, it is of prime 
importance to have on hand some trustworthy and stable 
test that may be depended upon when required. Fehling's 
solution has been much depended upon, but its well-known 
instability greatly detracts from its usefulness for the purposes 
under consideration. Pehling's solution will not keep, for 
reasons explained (page 111), and its preparation requires some 
time and pains. A better test, more simple in preparation 
and sufficiently stable that it may be kept on hand for months 
without impairment of its qualities for testing, is that devised 
by Professor Haines (page 103). This test, if properly manip- 
ulated, will yield as trustworthy results as it is possible for any 
copper test to give. 
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In searching for sagar with Haines's test, 1 drachm of the 
test-solution, in an ordinary test-tube, should be raised to the 
boiling-point over a spirit-lamp, and the suspected urine should be 
added, drop by drop, until 8 or 10 drops are added, but not more. 
The test should now be boiled for about half a minute, and, if 
sugar be present, a copious yellow or yellowish-red precipitate 
will suddenly appear throughout the whole mixture. If no such 
reaction take place, sugar is absent. The chief feature in the 
manipulation to be kept in mind is not to add more than the 
stated limit (8 or 10 drops) of urine. If this be disregarded and 
the urine be added (as in Fehling's test) to a volume equal to the 
test-solution, or thereabout, any urine may cause reaction when 
sugar is absent. This is due to the fact that normal urine con- 
tains certain substances (chiefly uric acid, creatinin, etc.) which 
possess feebly reducing powers over copper tests; and, there- 
fore, if the urine be added in excess the test is liable to respond 
to these agents. 

In exceptional cases the urine may contain an excess of 
uric acid or other reducing substances just named, or such 
foreign elements as tannin, carbolic acid, or vegetable alkaloids, 
which may cause slight reaction with this or any copper test. 
For the most part, this reaction is usually an imperfect one, the 
test-solution turning green rather than yellow or red, though 
exceptionally a frank yellow precipitate may be formed. Such 
cases, however, in reality are very rare, if the test be manipu- 
lated as directed. Should any doubts, however, arise as to the 
presence of sugar, after thorough cleansing of the test-tube and 
carefully repeating the test in all particulars, as directed, an 
appeal may be made to the phenyl-hydrazin test, as described 
(page 105), which may be considered conclusive. Having identi- 
fied the presence of sugar in the urine, its exact quantity may 
be readily and rapidly determined by the author's method, 
already described in the text (page 108). 

Significance of Sugar in the Urine. — The presence of sugar 
in the urine, in a general sense, is nowise less serious in its 
signification than is that of albumin. As in the case of albumin, 
the tendency has been to look upon small quantities of sugar in 
the urine as of no grave import ; but recently this view of the 
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subject is giving way to a belief that, as a rule, the presence 
of sugar in the urine, regardless of the quantity, means serious 
defect, either in the brain or the liver, or in both, and this view 
will prove the safer one to follow. It is true that in a few con- 
ditions, notably in some forms of indigestion, as well as over- 
ingestion of highly-saccharine or amylaceous foods, small quan- 
tities of sugar may appear in the urine in the absence of a 
diabetic state. On the other hand, genuine diabetes mellitus is 
often preceded for a time by precisely these symptoms, viz.: 
the appearance of small quantities of sugar in the urine, often, 
indeed, intermittent, but always aggravated by indulgence in 
saccharine or starchy foods. The author is unable to identify 
the special cases of the former class which subsequently do or 
do not terminate in diabetes, but he is able to affirm, from observa- 
tion, that many of these cases of so-called *^ digestive glycosuria " 
end in fatal diabetes, more especially in young subjects. It has 
been truthfully said, by an author of wide experience on this 
subject, that '^ a man with sugar in his urine is like a house that is 
undermined ; he will surely fall, but no one can predict the pre- 
cise time that the disaster will occur." It will be safer to accept 
this assertion as a guide in such cases. 

Uroa. — An examination of tlie urine can scarcely be con- 
sidered complete which does not include an estimate of the 
quantity of its contained urea. Representing, as it does, by far 
the greater bulk of the organic output of the kidneys, the quan- 
tity of urea in the urine becomes a valuable index of the func- 
tional capacity of the kidneys, and, therefore, serious forms of 
disease of these organs are usually quickly and markedly reflected 
in the diminished excretion of urea. 

The estimation of urea in the urine is now a matter of such 
simplicity and rapidity that it ranks among the more simple 
manipulative methods, such as testing for albumin and sugar, 
and, in reality, requires but little more time. The method best 
suited for the purposes under consideration is that known as the 
hypobromite test, which is most readily performed with Dr. 
Doremus's ureometer. A fresh solution of sodium hypobromite 
is necessary for testing, as the solution does not keep well. This 
is best obtained as follows : Have on hand a quarter- or half- 



IXAMINATION OF UBINI TOR LIFS-INSURANOI. 371 

pound bottle of bromine, and, after once opened with care, set it 
aside for use. Next prepare a solution of sodium hydroxid 
(caustic soda) by dissolving 3 ounces of caustic soda (in 
sticks) in 8 ounces of distilled water, which may also be kept 
on hand for use. In preparing the solution of sodium hypo- 
bromite for testing, pour 10 cubic centimetres of the caustic 
soda solution into a graduated glass, and with the pipette 
(furnished with the ureometer) take up 1 cubic centimetre of 
bromine^ and mix thoroughly with the caustic soda solution; 
next add an equal volume of water, and, after thoroughly 
mixing until the solution becomes transparent^ fill the bulb 
of the ureometer with the solution, and incline the instru- 
ment until the hypobromite solution fills the long arm. Next 
thoroughly cleanse the pipette, and take up 1 cubic centimetre 
of the urine and slowly discharge it into the hypobromite solu- 
tion, in such position that the disengaged nitrogen-gas will all 
ascend the long arm of the instrument, where it is measured. 
As soon as tbe urea is all decomposed, as indicated by no further 
ascending of bubbles, read off the quantity as indicated by the 
amount of nitrogen-gas marked on the long arm of the instru- 
ment. Each number represents the fractions of a gramme of 
urea per cubic centimetre of urine, of which 0.02 is the normal 
proportion. If preferred, these ureometers are furnished with a 
scale indicating the number of grains of urea per ounce of 
urine instead of grammes per cubic centimetre.* 

The normal quantity of urea is about 512 grains in twenty- 
four hours for a man of 145 pounds weight, upon a mixed diet 
and moderate amount of exercise. This gives an approximate 
proportion of 10 grains of urea per ounce of urine, the whole 
quantity of the urine being 50 ounces. It will be necessary to 
make an allowance of about 25 or 30 per cent, from this standard 
in order to cover variations caused by differences in weight, age, 
diet, and exercise. If, therefore, the gross quantity of urea sink 
below 350 grains (7 grains per ounce), there is reason to appre- 

1 Avoid inhaliDg the strong vapor of tbe bromine, wbicb is very irrlUtlDg to 
the air-passages. 

* These instruments are furnished by Eimer & Amend, 206 and 211 Third 
Avenue, New York, at moderate coat. 
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bend the presence of some organic disease of the kidnejs. 
Should the deficiency be still more marked, the quantity of area 
diminishing to 250 or 200 grains (5 grains per ounce), it fur- 
nishes strong evidence of diseased kidneys. On the other hand, 
a normal amount of urea in the urine, coupled with the absence 
of albumin therefrom, strongly indicates that the kidneys are 
healthy. Certain it is that no very advanced renal disease can 
be present under such circumstances. 

Microscopical Exaicination. 

A microscopical examination of the urine is often required 
of the medical examiner in cases of applications for heavy 
amounts of insurance. In addition to this, in cases in which a 
chemical examination of the urine has not been conclusive, a 
microscopical investigation shonld be made. It is not proposed 
to here enter into the technique of microscopy, which every one 
has access to in the numerous works especially devoted to the 
subject. A few general suggestions in reference to the special 
subject herein considered may, however, be of use. 

The urine for microscopical examination should in all cases be 
freshly voided, and it is better to have it somewhat concentrated 
by directing the applicant to abstain from the use of fluids for a 
few hours previous to voiding the urine for examination. Where 
practicable, the sediment is preferably obtained by the centrifu- 
gal method. Sliould tlie centrifugal apparatus not be available, 
proceed by adding 10 grains of resorcin, chloral hydrate, or 
salicylic acid to the urine, in a conical glass, to preserve it from 
change, and, after covering the glass, stand it aside for from 
twenty-four to forty-eight hours, until the sediment subsides. 
Then take up from 4 to 6 drops of the sediment, by means of a 
nipple pipette, from the bottom of the deposit, and place them 
in a shallow cell ; cover the cell with a cover-glass, take up the 
overflow of urine with the torn edge of a piece of blotting- 
paper, place the slide under the microscope, and examine delib- 
erately with a one-fourth-inch objective, avoiding too brilliant 
illumination of the fleld, since too much light tends to render 
hyaline casts invisible, as they are feebly refractive. Careful 
search should be made over at least two slides prepared as above 
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directed, noting the presence and relative number of pus- or 
blood- corpuscles, but more especially the presence, number, and 
characters of any renal casts. If no pathological products be 
found after examination of two slides, the evidence may be 
considered conclusive in the negative. 

Pyuria. 

The medical examiner will encounter but little difficulty in 
detecting the presence of pus in the urine of the applicant if it 
be present in any notable quantity. Such urine is always more 
or less cloudy when voided, and the turbidity does not clear up 
by the addition of an acid or the application of heat ; on the 
contrary, the cloudiness is rather increased by these agents. A 
sediment, more or less pronounced, quickly settles to the bottom 
of the vessel, and if the urine be decanted from the sediment 
and liquor potassse added to the latter, it thickens into a Jelly- 
like consistence, and becomes ropy and sticky, as will be 
observed in pouring it from the vessel. Should any doubts 
arise, however, as to the nature of this deposit, the microscope 
will readily reveal the presence of characteristic corpuscles, 
described in the text (page 182). 

The significance of pyuria may be very grave ; it can scarcely 
ever be considered trivial, inasmuch as it points to bacterial 
infection of the urinary tract. In peoi)le be3'ond middle age it 
is nearly always a serious matter, since in such people the resist- 
ing powers of the system against pyogenic germs are much 
diminished, and consequently the infection under such circum- 
stances is more likely to extend than to subside. Moreover, the 
causes which most often provoke pyuria in elderly people are 
of a permanent nature. 

On the other hand, pyuria in 3'ounger subjects is often the 
index of tubercular pyelitis, pyonephrosis, etc., which are not 
only, as a rule, incurable diseases, but often rapidly fatal ones. 
Pyuria in its least serious signification is the associate of 
mild forms of cystitis in otherwise healthy subjects, and as 
such it is usually soon recovered from, in young or even middle- 
aged subjects, under properly-directed treatment. On the 
whole, pyuria should be looked upon as more or less seriouB, 
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and the only safe course to pursue in these cases is to recommend 
delay of the application for a few weeks until it be determined 
if the condition be a permanent one. 

HiEMATURIA. 

Application will scarcely be made for life-insurance if blood 
be present in the urine in sufficient amount to attract the atten- 
tion of the applicant. Should such be the case, however, the 
examiner will not be likely to overlook cases of pronounced 
hsematuria, as they will be apparent upon the most superficial 
inspection of the urine. But the urine may become so highly 
colored from concentration as to conceal minute quantities of 
blood; or, again, blood may be present in quantities so minute 
that it merely lends to the urine a deep shade of normal colora- 
tion. Close inspection will usually distinguish the abnormal 
tint due to blood, and upon standing the distinction will usually 
be more marked in the sediment. In cases of doubt, however, 
the microscope will readily detect the presence of the blood, in 
quantities however minute it may be present. 

The examiner should always inquire for a history of attacks 
of hseraaturia, with the circumstances associated therewith. The 
appearance of blood in the urine, occurring at irregular intervals, 
often indicates the presence of gravel, or the beginning of such 
still more serious diseases as renal tuberculosis and cancer of 
the kidney. If hsematuria has appeared, inquiries should be 
made as to its character, the frequency of the attacks, as well as 
its extent. Thus, if the blood appeared intimately mingled with 
the urine, of dark color, and without clots, it may be concluded 
that its source was renal, and it would be presumptive evidence 
of the presence of more or less serious disease. On the other 
hand, if tlie blood appeared somewhat separate from the urine, 
of a brighter and more arterial tint, and associated with small 
clots, it may be concluded that it originated from the lower 
urinary tract, most likely the bladder, and further inquiry is 
likely to elicit symptoms of stone, villous growths, early tubercu- 
losis, or even malignant disease. Unless in the early stages of 
the conditions just named, the accompanying s3^mptoms will be so 
pronounced that they could scarcely be overlooked. There is a 
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period, however, in the early stages of most of these diseases, 
in which mild hsematuria may be almost the only symptom 
observable ; hence the importance of ascertaining its occurrence. 
It will be a safe rule for the medical examiner to consider a 
subject in danger of serious disease of the kidneys or bladder 
who presents a history of hsematuria, unless five years have 
passed since the last appearance of such attacks, the urine 
remaining in the interval in all respects normal. 

Calculi. 

An examination of the urinary organs cannot be considered 
complete without inquiring for any attacks of renal colic or the 
passage of calculi by the applicant. A number of such attacks 
may have occurred, and even small calculi may exist and be in 
process of growth in the kidneys without any evidence thereof 
being present in the urine. 

The passage of renal calculus, however small, is usually at- 
tended by symptoms of so marked and characteristic an order 
that it will be distinctly remembered by the applicant upon in- 
terrogation. The sudden onset of pain in the side without any 
apparent cause ; the intense suffering for some hours, in which 
the pain extends along the course of the ureter, often retracting 
the testicle on the affected side; frequently accompanied by 
nausea, vomiting, cold perspiration, and even some degree of 
collapse, and followed by sudden and complete relief. These 
form a chain of phenomena so pronounced and distinctive that 
they are neither likely to be overlooked by the applicant nor 
misinterpreted by the medical examiner. 

A man may have one or more such attacks, and the symp- 
toms may permanently disappear without calculus lodging and 
developing into calculous disease. Such cases are termed spon- 
taneous recovery ; but it is not safe to class cases in this 
category until at least five years have passed since the last 
attack, the urine remaining constantly free from pus and blood. 
Under the latter circumstances it may be concluded that the con- 
ditions which favored the formation of calculi have passed away. 
If, on the other hand, attacks have been frequent, and especially 
if there have been recent attacks, it may be concluded that the 
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conditions favorable for the development of calculous disease 
in the urinary tract still continue, and such cases cannot be 
safely recommended for life-insurance. 

From the sum of these considerations the following rules 
may be formulated, as a concise guide in conducting examina- 
tions of the urine and reaching conclusive data as to the con- 
dition of the kidneys and urinary organs in life-insurance : — 

Rules. 

1. Secure a freshly-voided sample of urine for examination, 
preferably after food and exercise, and be certain that the urine 
examined has been voided by the applicant. 

If the examination result in any doubts as to the true con- 
ditions present, procure a sample of a mixture of the whole 
twenty-four hours' product of the kidneys, and also another 
freshly-voided sample of the urine ; examine both of these sepa- 
rately and compare carefully the results. 

2. Carefully observe first the physical characters of the urine, 
more especially : (o) Tlie appearance. If cloudy, ascertain the 
cjiuse, whether due to phosphates, urates, pus, blood, etc. The 
color, whether light (watery) like hydruria,or greenish (diabetic- 
like), or normal straw-yellow. (6) The specific gravity. If 1.025 
or above, search for sugar. If below 1.020, search for albumin, 
and also ascertain the total amount of urea, (c) ITie chemical 
reaction. If very sharply acid (possibly diabetic, rheumatic, or 
gouty conditions are present). If alkaline from fixed alkali 
(probably debility, dyspepsia or fasting, or vegetable diet). If 
ammoniacal (cystitis is suggested). 

3. Examine next for albumin with the ferrocyanic test as 
directed. Do not ignore the presence of albumin, however mi- 
nute the quantity may be. If in any doubt as to the presence of 
minute traces, take two perfectly-clean test-tubes half full of the 
suspected urine. To one apply the ferrocyanic test, but to the 
other add no reagent whatever. Stand the two side by side in 
a good light for ten minutes. If they remain alike, albumin is 
absent ; if faint opacity occur in the one with the test, albumin 
is present. 

4. Examine next for sugar with Haines's test as directed. 
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Boil 1 drachm of this test; add 8 or 10 drops of the urine, — no 
more; boil again half a minute. If sugar be present, a yellow 
or yellowish-red precipitate will appear. If no such precipitate 
appear, sugar is absent. If a gray or whitish precipitate occur, 
it is caused by earthy phosphates, and not sugar. If any doubts 
arise as to the presence of sugar by the copper test, appeal to 
the phenyl-hydrazin test for confirmation. 

5. An estimation should next be made of the quantity of 
urea in the urine with the Doremus ureometer, but especially if 
the specific gravity of the urine be materially reduced. Should 
the proportion of urea be 26 per cent, below normal, or lower, 
estimate the whole excretion of urea for twenty-four hours, and 
if below 300 grains report the fact to the home ofQce. 

6. In cases in which a microscopical examination of the urine 
is requested by the company, carefully report the following feat- 
ures of the urinary sediment : (a) The presence, quantity, and 
features of pus- or blood- corpuscles, i.e., whether well preserved 
or partly broken down. (6) The presence, number, and charac- 
ters of any renal casts, especially noting their size, whether clear 
or granulated, and if any epithelium or blood-corpuscles are 
seen attached to the casts. 

7. Inquire for a history of attacks of renal colic (passage of 
calculi) or haematuria. Report the number and special features 
of such attacks, especially the severity and length of time they 
may have coutinued, and the date of the last attack. 

25 
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REAGENTS AND APPARATUS FOR QUALITATIVE 
AND DETERMINATE URANALYSIS. 

All liquid-reagent bottles should be made of the purest glass 
and fitted with carefully-ground glass stoppers. The four-ounce 
bottles furnished by Whitall, Tatum & Co., of Philadelphia, 
are the best for the purpose. The glass from which these bottles 
are made is free from lead or other impurities, and, as a double 
check in laboratory work, each bottle has the name of the con- 
tained reagent upon it in raised-glass letters with ground tops, 
and the chemical symbol of the reagent below and separate from 
the lettering. An additional advantage of such bottles is the 
great facility with which they can be cleaned and kept in order. 
For efficient laboratory work the following list of reagents and 
apparatus should be kept in stock ; but for the geneml prac- 
titioner, who only does the main essentials of urinary testing, 
the list from I to 14 and from 34 to 42 and 66 to 75, inclusive, 
will answer his purposes very well : — 

Liquid Rkaqentb. 

1. Nitric Acid, C.P. (HNOj). 

2. Hydrochloric Acid, C. P. (HCl). 

3. Acetic Acid (CtHfl^). 

4. Potaasium Hydroxid (KOH). 

5. Sodium Hydrozid [(NaOH), 40-per-06nt. Bolation]. 

6. Bromine (i-potmd bottle). 

7. Sat. Sol. Sodiam Chloride. 

8. Alcohol (95 per cent.). 

9. Glycerin (C. P. ; free from lead). 

10. Aqua Destill. 

11. Sol. Potassium Ferrocyanide (1 in 20). 

12. Sol. Barium Chloride (4 oz. barium-ohloride oiystals, 16 oz. distilled 

water, 1 oz. hydrochloric acid). 
(378) 
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13. Magnesiam Mixture (magnesinm sulphate, ammoniam chloride, &&S] ; 

distilled water, ^^viij ; ammonia- water, ^j). 

14. Sol. Silver x^itrate [(standard aqneons solution, 1 in 8) 5} to Jj]. 

15. Strong Ammonia (U. S. P. ; sp. gr., 0.90). 

16. Nitrous Acid (HNOg). 

17. Sulphuric Acid (HgSO*). 

18. Sol. Potass. Ferrocyanide [1 in 10 (for quantitative determination 

of albumin, Purdy's method)]. 

19. Millon's Reagent. 

20. Sol. Ferric Chloride (FegClj). 

21. Sol. Calcium Chloride (CaCl,). 

22. Sol. Potassio-mercuric Iodide [(Tanret's test) Potass, iodidi, 3.32 

grammes ; hyd. bichloridi, 1.35 grammes ; distilled water, to 100 
cubic centimetres. (Dissolve the two salts separately, mix, and 
make up to 100 cubic centimetres with distilled water.)]. 

23. Sol. Lead Acetate [Pb(CgH30j)J ; 1 part lead acetate to 4 parte 

distilled water. 

24. Sol. Basic Lead Acetate [Pb(CgH,08)j.2PbO] ; 1 part basic lead acetate 

to 4 parte distilled water. 

25. Hydrogen Dioxide (Oakland Chemical Company). 

26. Sat. Sol. Ammonium Chloride. 

27. Sat. Sol. Ammonium Sulphate. 

28. Sat. Sol. Barium Nitrate. 

29. Ciipric-Sulphate Sol. 

30. Sodium Nitroprusside (2-per-cent. solution). 

31. Tinct. Guaiaci. 

32. Turpentine. 

33. Uranium Nitrate (5-per-cent. solution). 

Solid REAaKNT& 

34. Potassium Ferrocyanide (C. P.). 

35. Cupric Sulphate (C. P.). 

36. Sodium Hydroxid (purified by alcohol). 

37. Potassium Hydroxid (purified by alcohol). 

38. Phenyl-hydrazin Hydrochlorate. 
30. Sodium Acetate. 

40. Sodium Cliloride (C. P.). 

41. Ferric Chloride. 

42. Picric Acid. 

43. Sulphanilic Acid. 

44. Barium Chloride (crystals). 

45. Rwlium Carbonate (C. P.). 

46. Magnesium Sulphate (C. P.). 

47. Sodium Nitrite. 



SO, Ataintminm ChUithtle^ 
fp\» AmnMAinm .^alp4at«. 

53, Merenrie CblArirle. 

&V fiftriom Xitrat^ ^erTHali). 

5^, UnRriom 5ftral«. 

57« AmmMriom NitnOe. 

5^. Bariofn ff jrlnte. 

A9, Cftleioro CftrbrMUOe. 

6ri, OsaIw Actd, 

m, PcMMnam Bichrmnate. 

02, PoCMmom Cblor»t«, 

03. PotaMriom Pemmipmrtr 

05, TaaniD. 

Apparatus. 

00. Test-taben. fieveral sizes. Some with bases so thai they will stand 
on a table or shelf. Home should be gndoated for the jmrpose of 
approzimaie bulk determinations. 

07, Hpirit-lamp and Bunsen Immer. 

08. Urinometer (preferably Sf|uiM/s). 
00, Test-tube rack and brush. 

70, OnMluote glaspies, — one for 100 cubic centimetres' measorement and 

one for 500 cul/ic centimetres. 

71, I>oremns*s ureometer. 

72. Nipple pifM'ttrs. 

73. LitriiiiA-iifiiNT (bine and red) and Swedish filtering-pi^ier (two sizes). 
71. OliMH funncln (two shses). 

7r». An Acrnirat<- tlicmiotneter. 

70. H<;t of |K>rc«'lain capsules. 

77. H<vt fif iK^nkr^r flames. 

7H, l^itiK fiinnfl for Altering through animal charcoal. 

70. il\nimmU, 

H). Ui'Uiri-stand with watcr-liath. 

HI. IMntlniim np^Mm and foil. 

H2. ltlow.pf|»f. 

K\. ])uro(.(4it fcnMltiat4Hl in fractions of a cubic centimetre ; also in minims. 

M. Volume pipott4*s (set from 5 to 50 cubic centimetres). 

H5. A litre AsHk. 

HO. An accurate scale, turning at ^V o' * grain. 
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87. A good centrifage oapable of 2000 revolutions per minate, with 12 

to 14 inches from tip to tip of tubes when in motion, and armed 
with both sediment and percentage tubes of capacity of at least 
15 cubic centimetres each. 

88. Microscope with }-inch and ^-ii^ch objectives, glass slides, covers, 

shallow cells, etc. 

For the purpose of recording the results of urinary analysis 
some systematic form of blank should be employed, both to ex- 
pedite and systematize work, as well as to preserve the results 
in the form of a permanent record. These blanks may be kept 
in separate sheets or bound in book-form, or, better still, both. 
In the latter case the original analysis may be recorded in the 
volume as a permanent record, and a copy may be furnished the 
patient on one of the separate sheets or slips. For practical 
clinical purposes the record of analysis should have prominently 
in view the leading or more important features of the urine, 
normal and abnormal, to which suggestive headings should be 
added for those features less commonly met with, and those of 
minor importance or significance. Any attempt at compre- 
hensive analysis of the urine must include quantitative as well 
as qualitative data. The blank form on the succeeding page 
(No. 1, Regular Form) will answer most of the usual require- 
ments for both qualitative and quantitative data. It aims at a 
reasonable measure of completeness without unnecessary elab- 
oration. In case only qualitative data are worked out, the 
more simple form on the succeeding page will be found usefVil 
(No. 2, Special Form). 



ANALYSIS OF URINE. 

(No. 1. REGULAR FORM.) 



CASE. 



CHEMICAL EXAMINATION. 

8PE0IMEN — Total 21 hours .c. c oanceR. 

TRAN8PARENOY 

OOLOR ( Vogers scale). 

8PE0IFI0 GRAVITY »t 15° C. (Westphal balance). 

OHEMIOAL REAOTION.- 

f (Heat test, Pardy's method).. 



ALBUMIN < (Ferrocyanide test) 

V (Tanret's test) 



} 



NUOLEO-ALBUMIN (Mucin), 
r (Copper test) 



SUGAR 



l(Phenyl-hydrazin test) 

AOETONE 

DIAOETIO AOID 

INDIOAN 



1 



BILE 

H>EMOGLOBIN 

DIAZO REACTION.. 



QUANTITATIVE ESTIMATIONS. 





Volamtirio 
PtreoBteffe. 


OntTimttrie 


QralM 
FlaidouBC*. 


Amoaat ia 24 Hoon. 




Onunmw. 


Oniat. 


UREA (Knop-HoBfner method) .... 












AOIDITY (Expressed as oxalic acid) . 












SUGAR 












ALBUMIN 












OHLORIDE8 












PHOSPHATEa 












SULPHATES 












SEDIMENT 



































(382) 



OASTS 



DATI 

MICROSCOPIC EXAMINATION. 

NUMBER OF SLIDES EXAMINED _ 

ORGANIZED SEDIMENT. 

Epithelial Finely Grannlar 
Narrow Hyaline Dark Granular 
Medium Hyaline Bloody 
Broad Hyaline Amyloid 
FALSE OASTS (Cylindroids of Thomas.) 

{Small Round 
Spindle Form 
Pavement Form 

PUS SPERMATOZOA 

BLOOD-OORPUSOLES - OTHER PRODUOTS - - ~ 

UNORGANIZED SEDIMENT. 
CRYSTALLINE. 

URIO AOID — TRIPLE PHOSPHATE 

OALOIUM OXALATE..- — OTHER FORMS 



AMORPHOUS. 

URATES ~ 

PHOSPHATES 

OTHER FORMS ~ - 

MICRO-ORQANISMS. 



REMARKS. 



TERMS USED. 

CXPRCSSINa 
REACTION. QUANTITY. NUMBER. 

N«g»tiT«. Daddad. AbMaL Modento amoanl. NmM. Modtnto nvmbw. 

▼tryfkiat. Stroag. Ttmm. Larg* amoaat. ▼•fyflnr. Nobmwu. 

Faial. Ynyilnaf. Small amooBl. EzetniT* amoant Vnr. Vaty aaattfi. 

(388) 



ANALYSIS OF URINE. 

(NO. 2. SPECIAL FORM.) 



CASE . 



CHEMICAL EXAMINATION. 



SPECIMEN 

TRANSPARENCY 

COLOR 

CHEMICAL REACTION 

SPECIFIC GRAVITY 

UREA PeroenUg© 



^Vogers scale.) 



ALBUMIN 



at l^ C. ( Westphal balance). 
Graini per flaidounce. 

Heat teet (Purdy's method) 

Ferrocyanide tost. _ 

Tanret's test. 



NUCLEO-ALBUMIN (Macin) 
( Copper test. 



SUGAR -j 

I Phenyl-hydrasin test.. 

ACETONE 

DIACETIC ACID 

INDICAN 

BILE 

HAEMOGLOBIN 

DIAZO TEST (Bbrllch's) 

OTHER PRODUCTS 

(884) 



Datc. 



OASTS 



MICROSCOPIC EXAMINATION. 

NUMBER OP SLIDES EXAMINED ~ 

ORGANIZED SEDIMENT. 

' Epithelial Finely GrannUr 

Narrow Hyaline Dark Granular 

Medium Hyaline Bloody 

. Broad Hyaline Amyloid 



FALSE OA8T8.. 



{i 



Small Round 
EPITHELIA -{ Spindle Form 

. Payement Form 

PUS 

BL00D-00RPU80LES.- 



..(Cylindroidi of Thomas.) 



SPERMATOZOA 

OTHER PRODUOTS 



URIO AOID ~ 

OALOIUM OXALATE.. 

URATES ~ 



PHOSPHATES .... 
OTHER FORMS 



UNORGANIZED SEDIMENT. 
CRYSTALLINE. 

TRIPLE PHOSPHATE 

- OTHER FORMS 



AMORPHOUS. 



MICRO-Off 



REMARKS. 



REACTION. 
N«gatiT«. 
Ytfy&ial. 
Fainl. Ywj itNag. 



TERMS USED. 

CXPRCSSINQ 
QUANTITY. 

Modcnto anoaut. 
Larg* amoaBt. 
SbmU MMttBl. ExoMsir* amoiiBl. 



NUMBER. 

NoB«. ModtrmU nomlMr. 

Vtry fiir. Nomaroua. 
Vtw. Vafj Bvmarooi. 

(385) 



INDEX. 



AbDormal urine, 07 
AcetoDuria, 128 

Acidity of the urine, eBtimation of, 20 
Acute atrophy of liver, 351 
bronchitis, 358 
diffuse nephritis, 275 
gout, 353 

infectious diseases, 343 
intersUtial nephritis, 322 
pleurisy, 358 
rheumatism, 352 
Albumin in the urine, 67 
biuret test for, 78 
causes of, 68 
color reactions of, 78 
determination of, 81-84 
Esbach's method for quantitative ea- 

timation of, 82 
gravimetric method for quantitative 

estimation of, 81 
Purdy's centrifugal method for quan- 
titative estimation of. 80 
quantitative estimation of, 80 
significance of, 68 

Tanret's titration method for quanti- 
tative estimation of, 83 
teste for, 71-79 
Albuminuria, 67 
clinical significance of, 68 
in life-insurance, 366 
Albumosuria, 84 
detection of, 85 
significance of, 85 
Allantoin in urine, 36 
Ammonlo-magnesium phosphate in the 
urine, 166 
ammonio-magnesium-phosphate cal- 
culi, 248 
Amphoteric reaction, 20 
Amyloid disease of kidneys, 2S7 
Analysis, centrifugal, 63 
process of, 64 
of calculi, 252 
Anatomical sedimente in urine, 178 
bacteria, 203 
blood, 178 
cylindroids, 197 
echinococci, 212 
epithelium, 185 
fragmento of tumors, 202 
pus, 182 
renal caste, 189 
spermatozoa, 200 
▼ermes, 208 

(386) 



Anatomy of bladder, 266 

of kidney, 260 

of renal pelvis, 265 

of ureters, 265 
Animal gum in urine, 48 
Appendix, 361 

Aromatic substances in urine, 89 
Articular diseases, 352 

Bacterial caste in urine, 192 
Bacteriuria, 203 
Bile-acids in urine, 127 

detection of, 129 
Bile-pigmente in urine, 180 

significance and detection of, 131 
Bladder, benign growths of, 338 

infiammation of, 329 

malignant disease of, 337 

stone in, 333 

tuberculosis of, 335 
Blood, in the urine, 178 

caste in urine, 190 
Bronchitis, the urine in, 358 

Calcium- carbonate gravel, 249 

oxalate calculi, 246 
sedimente, 162 

phosphate calculi, 247 
Calculi, 241 

ammonlo-magnesium phosphate, 248 

analysis of, 252 

calcium, carbonate, 249 
oxalate, 246 
phosphate, 248 

cystin, 246 

differentiation of, 250 

fatty, 249 

indigo, 249 

mixed phosphatic, 248 

prostatic, 249 

relations to life-insurance, 875 

uratic, 245 

uric acid, 243 
Cancer, renal, 297 

yesical, 337 
Cane-sugar in urine, 121 
Carbohydrates in urine, 48-49 
Carbonates of normal urine, 62 
Carbonic acid in urine, 63 
Caste, 189, 232 

diagnosis of, 283 

false, 234 

search for, 198 
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Centrifugal analyels of urine, 63 

authors method. 64 
for chlorides, 64 
for phosphates, 65 
for sulphates, 65 
Centrifugal sedimentation of urine, 148 
Centrifuge, the author's electric, 149 
Changes In urine on standing, 5 
Chemical reaction of urine, 14 
Chemical sediments in urine, 156 
cystin, 170 
fat, 176 

leucin and tyrosin, 172 
melanin, 175 
oxalates, 152 
phosphates, 166 
urates, 159 
uric acid, 156 
Chlorides in the urine, 50 
Cholera, urine in, S46 
Cholurla, 127 
Chronic diffuse nephritis, 279 

interstitial nephritis, 282 
Chyluria, 808 

clinical features of, 811 

urine in, 808 
Cirrhosis of kidney, 282 

of liver, 350 
Clinical symptoms of acute diffuse 
nephritis, 278 

of acute interstitial nephritis, 323 

of acute renal hypersemla, 272 

of amyloid kidneys, 290 

of calculus and gravel, 250 

of cancer of the bladder, 338 

of chronic diffuse nephritis, 282 

of chronic interstitial nephritis, 286 

of chyluria, 311 

of cystic disease of kidneys, 291 

ofcystitU,322 

of diabetes insipidus, 312 

of diabetes mellitus, 314 

of haemoglobinuria, 308 

of hydronephrosis, 319 

of movable kidney, 328 

of passive renal hypersmla, 274 

of pyelitis, 326 

of pyonephrosis, 321 

of renal calculus, 801 

of renal cancer, 298 

of renal embolism, 303 

of renal tuberculosis, 296 
Collection of urine for analysis, 6 
Color of urine, 7 

Composition of normal urine, 4-21 
Consistence of urine, 12 
Creatin and creatinin in urine, 37 
Cylindrolds in the urine, 197 
Cystic disease of kidney, 291 
Cystin calculus, 246 
Cystinuria, 170 
Cystitis, 829 



Decomposltional changes In urine, 5 
Detection of acetone in urine, 124 

of albumin in urine, 71 

of albumose in urine, 85 

of allantoin in urine, 87 

of bile-acids in urine, 129 

of bile-pigments In urine, 131 

of cane-sugar in urine, 121 

of carbonates in urine, 62 

of chlorides in urine, 51 

of creatin and creatinin in urine, 38 

of diacetone in urine, 126 

of fibrin in urine, 96 

of globulin in urine, 90 

of glycuronic acid in urine, 121 

of haemoglobin in urine, 94 

of hippuric acid in urine, 40 

of indoxyl -potassium sulphate iu 
urine, 44 

of inosite in urine, 119 

of lactose in urine, 118 

of levulose in urine, 118 

of mucin in urine, 50, 98 

of normal urobilin in urine, 46 

of oxybutyric acid in urine, 186 

of peptone in urine, 88 

of phenol - potassium sulphate in 
urine, 43 

of phosphates in urine, 57 

of suear in urine, 101 

of sulphates in urine, 59 

of urea, 24 

of uric acid, 32 

of xanthin, 86 
Determination of albumin in urine, 81 

of allantoin in urine, 87 

of bile-acids in urine, 130 

of carbonates in urine, 62 

of chlorides, total, in urine, 52 
centrifugal method, 64 

of creatinin in urine, 38 

of globulin in urine, 90 

of hippuric acid In urine, 40 

of phenol - potassium sulphate In 
urine, 43 

of phosphates, total, in urine, 58 
centrifugal method, 65 

of sugar in the urine, 107 

of sulphates, total, in urine, 59 
centrifugal method, 65 

of urea, 24 

of uric acid, 33 
Deutero-albumose in the urine, 86 
Diabetes insipidus, 311 

symptoms of, 312 

urine in, 311 
Diabetes mellitus, 312 

symptoms of, 314 

urine in, 313 
Diacetic acid in urine, 125 

detection of, 126 
Dlaceturia, 125 
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Diaceturla, BignificaDce of, 126 
DiafnofllB of acute diffuse uephrltia. 275 
of acute interstitial nephritis, 822 
of acute renal hypertemia, 271 
of amyloid kidneys, 2S6 
of benign growths in bladder, 838 
of cholera, 346 
of chronic diffuse nephritis, 279 

interstitial nephritis, 282 
of chyluria, 308 

of cystic disease of kidneys, 291 
of diabetes insipidus, 311 
of diabetes mellitus, 312 
of hsemoglobinuria, 306 
of hydronephrosis, 318 
of passive renal hyperaemia, 273 
of pulmonary tuberculosis, 353 
of pyelitis, 323 
x)f pyonephrosis, 320 
of renal calculus, 299 
cancer, 297 
embolism, 303 
misplacements, 326 
tuberculosis, 294 
of unemia, 303 
of vesical cancer, 337 
inflammation, 329 
stone, 333 
tuberculosis, 335 
Diastase in the urine, 49 
Diazo reaction in nrine, 134 
Diffuse nephritis, acute, 275 

chronic, 279 
Digestive system, urine in diseases of, 

359 
Diphtheria, urine in, 348 
Diseases of liver, urine in, 350 
of nervous system, urine in, 354 
of respiratory organs, urine in, 355 
Distoma haematobium in urine, 208 

Echinococci in urine, 212 
Epilepsy, urine in, 354 
Epithelial casts, 191 
Epithelium in urine, 185 

significance of, 188 
Ethereal sulphates in urine, 41 
Examination of urine for life-insur- 
ance, 361 

Fatty acids in urine, 48 

casts in urine. 194 

concretions in urine, 249 

deposits in urine, 176 
Ferments in the urine, 49 
Fibrinuria, 95 

Filaria sanguinis hominis, 210 
Fragments of growths in urine, 202 

Gases in urine, 63 
Globulinuria, 89 
significance of, 89 



Olycero-phosphorlc acid In urine, 48 
Glycogen in the urine, 122 
Glycosuria, 99 

significance of. 100 
Glycuronic acid in urine, 120 

significance of, 121 
Gout, acute, urine in, 353 
Granular casts, 192 

Gravel, ammonio - magnesium - phoa- 
phate, 248 

analysis of, 253 

calcium- carbonate, 249 
oxalate, 246 
phosphate, 248 

cystin, 246 

differentiation, clinical, 250 

fatty concretions, 249 

indigo concretions, 249 

mixed phosphatlc, 248 

prostatic concretions, 249 

uratic, 245 

uric acid, 243 

xanthin, 247 

Haematuria, 178 

in life-insurance examinations, 374 

significance of, 179 
Haemoglobin in the urine, 92 

detection of, 94 
Haemoglobinuria, 306 
Hetero-albumose, 86 
Hlppuric acid in the urine, 39 
Hyaline casts, 194 
Hydronephrosis, 318 

symptoms of, 319 

urine in, 219 
Hyperaemia, acute renal, 271 

chronic renal, 273 
Hysteria, urine in, 354 

Indigo concretions, 248 
ludoxyl-potassium sulphate (indican), 

43 
Indoxyl-sulphuric acid, 132 
Inorganic constituents of urine, 50 
luosite, 49 
Inosituria, 119 
Interstitial nephritis, acute, 322 

symptoms of, 323 

urine in, 322 
chronic, 282 

symptoms of, 286 

urine in, 283 
Iron in urine, 63 

Jaundice, urine in, 351 
in acute yellow atrophy, 351 

Kidney, acute difi\ise inflammation of, 
275 
acute interstitial inflammation of, 828 
amyloid disease of, 286 
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Kidney, anatomy of, 260 
calculus of, *i99 
caucer of, 297 
casts of, ID urine, 189 
chronic ditfuse inflammation of, 279 
chronic interstitial inflammation of, 

282 
cystic disease of, 291 
embolism of, 302 
hydronephrosis of, 308 
hyperiemia, acute, 271 

passive, 273 
movable, 326 
pyonephrosis, 320 
tuberculosis of, 291 

Lactosuria, 118 

Leucin dei)osit8 in urine, 172 

significance of, 175 
Leucomaines in urine, 136 
Levulosuria, 117 

Life-insurance, examination of urine 
for, 361 

albuminuria, relations of, 364 

calculi, relations of, 377 

collection of urine for, 368 

hematuria, relations of, 374 

microscopical examination of urine 
for, 372 

pyuria, relations of, 373 

sugar in urine In, 368 

urea, 370 
LIpuria, 176 

Melanuria, 175 

slgniflcance of, 176 
Meningitis, urine in, 354 
Method of testing for albumin, 79 

sugar, 100 
Micrococcus urcse, 204 
Microscope, 215 

care of the, 226 

coarse and fine adjustment of the, 216 

diaphragms of the, 216 

draw-tube of the, 218 

illumination in the use of, 224 

nose-piece of the, 218 

objectives of the, 216, 220 

ocular, or eye-piece, of the, 216 

reflector of the, 216 

substage condenser of the, 218 
Microscopical examination of urine for 

life-insurance, 372 
Milk-sugar in urine, 48 
Mixed phosphatic gravel, 248 
Movable kidney, 326 
Mucin, 97 
Mucinuria, abnormal, 97 

normal, 40 

Nephritis, acute diffuse, 275 
interstitial, 322 



Nephritis, chronic diffuse, 1279 

interstitU), 282 
Nitrogen-gas in urine, 63 
Non-pathogenic fungi in urin*', 203 
Normal urobilin, 45 . 
Nuclco-albumin, 97 

Odor of the urine, 9 

Organic constituents of the urine, 21 

allantoin, 36 

creatin and creatinin, 37 

diastase, 49 

ethereal sulphates, 41 

fatty acids, 48 

ferments, 49 

glycero-phosphoric acid, 48 

hippuric acid, 39 

indoxyl-potassium sulphate (in- 
dican),43 

inosite, 49 

milk-sugar, 48 

mucin, 49 

oxalic acid, 47 

pepsin, 49 

phenol-potassium sulphate (car- 
bolic acid), 42 

pigments, 45 

rennet, 49 

succinic acid, 48 

trypsin, 49 

urea, 21 

uric acid, 30 

urochrom, 47 

uroerythryn,47 

xanthin, 36 
Oxalate-of-calcium sediments, 162 

significance of, 1G4 
Oxalic acid in the urine, 47 
Oxybutyric acid in urine, 135 
Oxygen-g^ in the urine, 63 

Passive hyperaemia of kidneys, 273 
Pathogenic fungi in the urine, 205 
Pelvis, renal, anatomy of, 265 
calculi in, 299 
inflammation of, 323 
Peptonuria, 86 

significance of, 87 
Phenol-potassium sulphate in urine 

(carbolic acid), 42 
Phosphates of normal urine, 55 
Phosphatic sediments in urine, 166 

significance of, 168 
Physical characters of urine, 7 
Physical examination of bladder, 270 

of kidneys, 267 

of ureters, 269 
Pigments of the urine, normal, 45 
Pleurisy, acute, urine in, 358 
Pneumonia, the urine In, 356 
Precipitation of urinary sediments, 147 

by means of the centrifuge, 148 
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Prostetlc concretioDBy 940 
Protelds in the urine, 07 

differentUd testing for, 91 
Proteoeet in the nrine, 84 
Ptonuiinee in the urine, 186 

properties of, 140 
Pulmonary tuberculosis, 855 

urine in, 855 
symptoms of, 855 
Pus in the urine, 182 

significance of, 184 
Pus-casts in the urine, 108 
Pyelitis, 823 
Pyonephrosis, 820 

urine in, 820 
symptoms of, 321 
Pyrexia, simple, urine in, 841 
Pyuria, 182 

siguificance of, 184 
ia life-insurance, 873 

QuAtititative tests for albumin, 81 
for allantoin, 37 
for bUe-acids, 130 
for carbonates, 62 
for chlorides, 52 

centrifugal, 64 
for creatinio, 38 
for globulin, 90 
for hippuric acid, 40 
for phosphates, 58 

centrifugal, 65 
for sugar, 107 
for sulphates, 59 

centrifucfRJ, 65 
for urea, 24 
for uric acid, 33 
Quaiilliy of urlue, normal, 15 

Kc iial calculuA, 209 
urine in, 300 
syniptome of, 301 
cancer, 297 
uriue in, 297 
symptoms of, 298 
casts in urine, 189 
embolism, 802 
urine in, 302 
symptoms of, 303 
tuberculosis, 294 
urine in, 295 
symptoms of, 296 
Rennet in urine, 49 
Rheumatism, acute, urine in, 352 
Rules for examiners in life-insurance, 
876 

Scarlatina, urine in, 345 
Sedimentation of urine, 147 
Sediments in the urine, 147 
anatomical, bacteria, 203 
blood, 178 



Sediments in the urine, aDatomicAl, 
cylindroids, 107 
echinococci, 212 
epithelium, 185 
fragments of growths, 203 
pus, 182 
renal casts, 180 
spermatoroa, 200 
vermes, 208 
chemical, calcium oxalate, 168 
cystin, 170 
fatty, 176 

leucin and ty rosin, 173 
melanin, 175 
oxalates, 162 
phosphatic, 166 
urates, 159 
uric acid, 156 
Solids of the urine, 16 
Specific gravity of the urine, 18 
Spermatozoa in urine, 200 

significance of, 201 
Stone, in the bladder, 833 
urine in, 834 
symptoms of, 834 
in the kidney, 200 
urine in, 800 
symptoms of, 801 
Succinic acid in the urine, 48 
Sugar in the urine, 00 
detection of, 101 
determination of, 107 
in life-insurance examinations, 368 
Sulphates in the uriue, 50 

Table for chlorides in the urine, 64 

estimating amount of sugar in the 

urine, 108 
phosphates in the urine, 65 
sulphates in the urine, 65 
of reactions of protelds In the urine, 93 
Purdy's quantitative metho«l for 

albumin in urine (centrifugal), 

80 
Tests, qualitative, for acetone, 124 
for albumin, 71 
for albumose, 85 
for allantoin, 37 
for bile-aclds, 129 
for bile-pigments, 181 
for cane-sugar, 121 
for carbolic acid, 43 
for carbonates, 63 
for chlorides, 51 
for creatinin, 38 
for diacetic acid, 126 
for fibrin, 96 
for globulin, 90 
for glycuronlc acid, 131 
for hsmoglobin, 94 
for hippuric acid, 40 
for iodican, 44 
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Tettfli qoalitatlve, for inoflitey 119 

for lactose, 118 

lor levulose, 118 

for mucin, 50, 08 

for normal urobilin, 46 

for oxy butyric acid, 130 

for peptone, 88 

for pbosphatea, 57 

for sulphates, 59 

for urea, 24 

for uric acid, 82 

for xanthin, 36 
Testa, quantitative, for albumin, 81 

for allantoin, 37 

for bile-acids, 130 

for bile-pigments, 131 

for carbonates, 62 

for chlorides, 52 
centrifugal, 64 

for creatinln, 38 

for globulin, 90 

for hippuric acid, 40 

for indican, 44 

for phosphates, 58 
centrifugal, 65 

for suear, 107 

for sulphates, 59 
centrifugal, 65 

for urea, 1^ 

for uric acid, 33 
Toxic properties of urine, 141 
Transparency of urine, 11 
Trypsin in the urine, 49 
Tuberculosis of bladder, 335 
urine in, 335 

symptoms of, 336 
Tuberculosis of kidney, 295 
urine in, 295 

symptoms of, 296 
Tuberculosis, pulmonary, urine in, 355 
Tumors, benigii, of bladder, 338 
malififnant, of bladder, 337 

of kidney, 297 
Tumors, fragments of, 202 
Typhoid fever, urine in, 343 
Typhus fever, urine in, 349 
Tyrosinuria, 172 
significance of, 175 

Uraemia, 303 
urine in, 303 

Uranalysis, qualitative and determi- 
nate, reagents and apparatus 
for, 878 

Urea, 21 

Uric acid, 80 

Urinary sediments, crystals in, 235 
epitheliain,235 
examination of, 229 
micro-organisms in, 237 
microscopical search of, 232 
pus- and blood- corpuscles In, 236 



Urine, in acute atrophy of liver, 851 
in acute bronchitis, 358 
in acute diffuse nephritis, 275 
in acute gout, 353 
in acute interstitial nephritis, 821 
in acute renal hyperemia, 272 
in acute rheumatism, 352 
in amyloid kidneys, 288 
in benign growths of bladder, 339 
in calculus of bladder, 834 
in calculus of kidney, 300 
in cancer of bladder, 337 
in cancer of kidney, 297 
in cholera, 346 

in chronic diffuse nephritis, 279 
in chronic interstitial nephritis, 2S3 
in chyluria, 309 
in cystic disease of kidney, 292 
in cystitis, 330 
in diabetes insipidus, 311 
in diabetes mcllitus, 313 
in diphtheria, 348 
in embolism of kidney, 802 
in epilepsy, 354 
in gout, acute, 353 
in haemoglobin uria, 307 
in hydronephrosis, 319 
in hysteria, 354 
in meningitis, 354 
in movable kidney, 327 
in passive renal hyperaemla, 273 
in pleurisy, acute, 358 
in pneumonia, 356 
in pyelitis, 324 
In pyonephrosis, 320 
in renal tuberculosis, 295 
in scarlatina, 345 
in simple pyrexia, 341 
in tuberculosis of bladder, 335 
in tuberculosis, pulmonary, 355 
in typhoid fever, 343 
in typhus fever, 349 
in variola, 346 
in yellow fever, 849 
inorganic constituents, 50 

carbonates, 62 

chlorides, 50 

erases, 63 

iron, 63 

phosphates, 55 

sulphates, 59 
organic constituents, 21 

allantoin, 36 

creatin and crcatinin, 37 

diastase, 49 

ethereal sulphates, 41 

fatty acids, 48 

ferments, 49 

glycero- phosphoric acid, 48 

hippuric acid, 39 

Indoxyl-potassium sulphate (in- 
dican), 43 
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Urine, organic constituents, inosite, 49 
milk-sugar, 48 
mucin, 49 
oxalic acid, 47 
pepsin, 49 

phenol - potassium sulphate (car- 
bolic acid), 42 
pigments, 45 
rennet, 49 
succinic acid, 43 
trypsin, 49 
urea, 21 
uric acid, 80 
urochrom, 47 
uroerythryn, 47 
xanthin, 86 
physical characters of, 7 
chemical reaction, 14 
color of, 7 
composition of, 4 
consistence of, 12 
odor of, 9 
quantity of, 15 
solids of. Id 



Urine, physical characters of, transpar- 
ency of, 11 
Urobilin, normal, 45 
Urochrom, 47 
Uroerythryn, 47 

Variola, the urine in, 848 
Vermes, in the urine, 208 

distoma hematobiiun, 208 

echinococci, 212 

fllaria sanguinis hominis, 210 

strongylus gigas, 213 
Vesical stone, 833 

urine in, 834 
symptoms of, 834 
Vesical tuberculosis, 885 

urine in, 885 
symptoms of, 880 

Xanthin, 80 
concretions of, in urine, 247 

Yellow atrophy of liver, acute, 851 
Yellow fever, urine in, 849 
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